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This docunent presents the theory, program philosophy, and
operating instructions for the Simulation Error Analysis System
(COSINE 51). As a Joint effort undertaken by the WcAh Directorate of
Systems Rvaluation end the USAF 496L Bystems Project OffiLe, the computer -

system, developed at Aeronutronic, provides an automatic means with which
tim observations of a specified orbit obtained from a sensor network may
be simulated and analysed, yielding the uncertainty In the orbit elements
due to the observational inaccuracies. The system also provides the
capability of predicting future position and velocity errors ciused by
the uncertainty In the orbit elements. 1.

The presentation of the document is made in loose leaf binder
form with the understanding that the system will not remain static.
Rather, It will he in a constant state of modification, adhering to
requirements for speciallsed simulations and Improved error analysis
techniques. With this design concept therefore, the user day anticipate
a series of revisions for future Incorporation In the progrem document.
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SSIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT

SECTION I

INTRODUCTION

4

A cooperative program of work has been undertaken by the RCAF
Directorate of Systems Evaluation (DSE) and the USAF 496L Systems Project
Office to provide a background of knowledge which can be applied to a
broad range of problems concerning satellite detection, tracking, orbit
determination, and prediction of future satellite positinns. Aeronutronic
has assumed a major portion of the program development through the 496L
SPO, with the specific responsibility of computer program design, prep-

aration, and development.

At the time that this joint program was initiated (March 1902),
DSd was engaged in an overall study of the system requirements for orbital
rendezvous between two space vehicles and 496L SPO was engaged in the
development of computer programs for tracking and cataloguing existing
and future satellites. One phase of the DSE study, known by the code-namef" COSINE (Co-orbital Satellite Inspection Evaluation), was of common interest
to both the RCAF and the USAF and as such was undertaken as a joint study.
This study concerns itself primarily with the problems of initial detection,I tracking, orbit determination, and prediction of future satellite position.

The experience of both agencies in their respective fields led
to the design and production of a computational system to be used in this
study. This document contains a complete description of the system in
its present form. As a continuing effort, the system and the documenta-
tion will be revised and augmented in the coming months. This philosophy[ accounts for the notebook presentation of the program manual.

The title Simulation Error Analysis System has been assigned to
the computer programs written by Aeronutronic for the 496L SPO. Opera-
tionally, this system will be used in the COSINE 5 phase of the DSE study.
It greatly intensifies an earlier program for this phase known as COSINE
5A, and has subsequently been assigned the code name of COSINE 5B. The
two designations, Simulation Error Analysis System and COSINE 5B, aresynonymous and differ only because of the historical background in the
system development.

• 1-1
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The basic philosophy and gross features of this programming
system are presented in the remainder of this section. Subsequent sections
provide the user with the program operating instructions, major program
unit descriptions, executive program description, subroutine specifications,
data block and card formats, and system test cases.

The Simulation Error Analysis System has been developed for the
Philco 2000 computer, making extensive use of the Philco 2000 Operating
System (SYS).

1.1 PROGRAIMING SYSTEM

This document describes the programming system fulfilling the
requirements of the Simulation Error Analysis System. The primary require-
ment of the Simulation Error Analysis System is to produce a statistical
analysis of the errors in predicting satellite position and velocity which
arise because of observational inaccuracies. The fulfillment of this
specification requires the performance of a comprehensive set of functions,
many of which are equally as essential as the primary result. A programming
system providing versatility in performing these functions is therefore a
fundamental tool for the execution of such analysis. Consistent with
this consideration, the programming system concept adopted utilizes execu-
tive programs linking individual program units in automatic sequences. A
total of eight sequences utilizing combinations of seven program units
comprise the total system to date. This modular philosophy thus provides
the desired system flexibility which will allow the addition of new sequences
and modification of existing sequences in the future. The first program
sequence fulfills the above primary requirements while seven additional
program sequences provide the necessary versatility for performance of the
required secondary functions.

The study objectives that may be achieved with this modular J
design system include:

(1) An investigation of the accuracy with which the
orbital elements of a satellite can be established
for any given network of ground based sensors and
given performance characteristics of each sensor
in the network.

(2) An assessment of the effectiveness of sensor net-
works and the extent to which any one sensor in the
network can affect orbital elements of a satellite
established by the network as a whole..

1-2 ai



S~r

SSIMULATION ERROR. ANALYSIS SYSTEM PROGRAM DOCUMENT

I
(3) A study of the effect of smoothing time between

successive observations of a sensor on the accuracy
of orbit determination.

(4) An evaluation of the relative merits of different
types of sensors in which measurements are used
to establish the orbit of a satellite.

(5) The determination of the requirements for performance
characteristics (measurement accuracies, coverage
limits, etc.) of a sensor or a network of sensors for
different levels of accuracy in orbit determination.I It is important to determine the measurement accuracy
beyond which further improvement does not significantly
affect the accuracy of orbit determination.

1 (6) The establishment of corresponding levels of measure-
ment accuracy among different types of sensors tof ensure given levels of accuracy of orbit determination.

(7) The determination of the extent to which the number
of observations taken by a given sensor affects the
quality of the computed orbit and whether there is
a point beyond which additional observations do not
contribute a significant improvement in the accuracy
of a computed orbit.

(8) An investigation of the effect of observing selected
segments of a pass over a sensor for use in providing
observation schedules for sensors which are required
to observe many satellites in orbit at the same time.

(9) An investigation of the existence of any correlations
in the errors present in the computed orbital elements.

(10) The frequency distributions of the errors in orbital
elements that can be tested for goodness 9f fit with
assumed distribution laws. If consistency with any
given law can be established, analytical methods may
then be used to obtain the expected errors in orbital
elements from aknowledge of the sensor performanceI characteristics.

1 1-3
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(11) An evaluation of the accuracy with which a satellite
position can be predicted at some time after the
last sensor observation was possible. This is an
important requirement in some military and scientific
operations (such as orbital rendezvous). 1

1.2 PROGRAM SEQUENCES

The program sequences consist of various combinations of the
following seven program units:

Acquisition Time Intervals AQTINT
Observation Simulation OBSIM
Monte Carlo MOCARO
Differential Correction SGPDC
Element Error Distribution DCDIST
Error Prediction ERP
Prediction Distribution ERPDIST

A detailed description of each program unit is presented in Section 3. A
diagram schematically representing all of the program sequences with
corresponding program units is presented in Figure 1-1, which also contains
a brief summary of each program unit function.

The information processing steps for all sequences are illustrated I
by Figure 1-1. Figure 1-2 is an expansion showing the outputs of individual
program units. Both figures specify the entrances and exits for each of the
sequences 1 to 8, indicating the program units utilized by each sequence.
These figures illustrate the application for each sequence.

The information processing steps in Sequence I are as follows:

(1) After Simulation Error Analysis (SEA 1) is loaded in
core, the program begins by processing all input case
data and loading it in the required core locations. J
The simulated sensor's observational accuracies repre-
sented by fixed values of standard deviations and bias
errors are stored in core location SGBLOC. The param- I
eters used to simulate the sensor observing patterns
are stored in location IBLOC. Sensor coordinates are
loaded in core location SBLOC. The true satellite
orbital elements are loaded into location EBLOC.

1-4
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SEA 1, 2,

1 3, 4

j AQTINT
SIMULATION OF SATELLITE ACQUISITIO
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FIGURE 1-1 SIMULATION ERROR ANALYSIS SYSTEM
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(2) The data (EBLOC, SBLOC, IBLOC) are processed by the
AQTINT Program Unit to provide the times when the

satellite is observed by the sensors. These acqui-
sition times are stored in location TBLOC.

(3) Using the data (TBLOC, EBLOC, SBLOC) the OBSIM Pro-' gram Unit provides a set of simulated observations
which are loaded in the Observations block, OBLOC.

1 (4) The MOCARO Program Unit provides K sets of contam-
inated observations utilizing the sensor accuracy
data previously stored in SGBLOC. A Monte Carlo
technique is used to generate random sensor errors
from the normal distribution of errors with the
given fixed standard deviation. These random errors
and given bias errors are added to the simulated
observations, thus contami...cing them in order to
represent actual sensor measurements. The contam-
inated observations are stored in Lhe contaminated
observations block, COBLOC.

(5) Residuals in observations (observed minus computed)
are formed and a differential correction of the true
orbit elements is performed. Computed observations
are those obtained by representing the true satellite
orbital elements in EBLOC. The Differential Correction
Unit, SGPDC, determines a new set of elements which
best fit the observations according to a least squares
of residuals method. A rejection option is included
to reject large observation residuals on an absolute
basis and also on a relative basis, The contamination
and correction procedure is repeated for the K sets
of observations and produces K sets of variant elements
which are then stored in the variant elements block,
VEBLOC.

[(6) Errors in elements, variant minus true, are computed
and a statistical analysis is performed by the DCDIST
Program Unit. For each element error, the minimum,
maximum, mean, and standard deviation is computed and
a frequency distribution performed.

1-7
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(7) The position and velocity vectors of the satellite
are predicted by the ERP Program Unit at selected
points from each of the variant element sets. Errors
are computed relative to the input element set for
each of the position and velocity coordinates and the
vector magnitudes and are stored in the delta position
and velocity block, DPVBLOC.

(8) Two types of statistical analyses are performed by
the ERPDIST Program Unit. In one type, the minimum,
maximum, mean error, plus the standard deviation are
computed and a frequency distribution is performed
for each error quantity in DPVBLOC. In the other
type, the mean, maximum, and standard deviation of
the position and velocity coordinates and the vector
magnitudes for selected points in each quadrant of
the orbit are treated as error quantities. Their
respective minima, maxima, means, and standard devi-
ations are computed for each of the four quadrants
of the orbit. This latter feature provides the trend
in each quantity over a segment of the orbit; for
instance, it supplies the mean of the mean error in
position over one quarter of a revolution.

Sequence 2 (SEA 2) enables one to obtain only the acquisition
times as the sequence begins with AQTINT and terminates at its completion.
Sequence 3 (SEA 3) will continue through OBSIM, terminating after computing
the observational quantities corresponding to the times generated.

Sequence 4 (SEA 4) performs a function similar to SEA 1, with .
the exclusion of the error prediction. SEA 4 fulfills the objective of
an analysis where only the element error statistics are required and no
information concerning the position and velocity prediction is desired.

Sequence 5 (SEA 5) accepts elements, observations, and standard
deviations and performs the specified number of Monte Carlo, Differential
Correction loops. It then continues into DCDIST which produces a statistic
of errors in the classical elements at epoch. Finally, ERP predicts
position and velocity errors at specified points which are statistically
represented by ERPDIST.

Sequence 6 (SEA 6) is similar to SEA 5 except that it excludes
the ERPRED functions. ERPRED incorporates the functions of both ERP and
ERPDIST.

1-8
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[
SEA 3, combined with SEA 5 or SEA 6, provides for an analysis

similar to SEA 1 and SEA 4, respectively; however, with the additional
capability of selecting particular observations for the error analysis.
SEA 3 performs the satellite simulation, producing the observations in
punched card form. The selection of these observational data, fulfill-
ing required experimental conditions, provides input to SEA 5 or SEA 6.

Sequence 7 (SEA 7) is SGPDC run with one set of "real" or
contaminated observation input. The orbital elements are corrected at
epoch and output. At the completion of the correction, the sequence is
terminated. SEA 7 is mainly reserved for correcting actual satelliteS~ orbits.

Sequence 8 is an ERPRED run only, with the one set of true
elements plus N sets of variant elements input (N < 100). SEA 8 pro-
vides the capability of repeatedly performing a variety of prediction
analyses on a given group of variant element sets produced by any of
sequences SEA 1, 4, 5 and 6.[
1.3 SIMULATION CAPABILITIES AND LIMITATIONS

Ii The computational model of satellite motion is based on the
theory of two-body motion, with the optional provision of including
the effects of the secular perturbations on the orbital elements pro-
"duced by the equatorial bulge of the earth and atmospheric drag.

The control of the simulation of the sensor observing pattern
is provided through a specification of desired limits of the initial
acquisition elevation angle and the final acquisition elevation angle.
Observations from any of the sensors in the simulated network are speci-
fied as any combination of angles (right ascension and declination, or
azimuth and elevation angle), range, and range rate. The simulation of
observations may be constrained to generate only those observations with-
in a range envelope or those observations consistent with a satellite
illumination criterion, representative of the sensor capability. The
system has the capacity of simulating a sensor network containing up to
100 different stations and the capability of processing up to 2000[ observations (500 time points) for a single satellite simulation.

The major restrictions of the programming system require that:

(1) Satellite orbital eccentricity, e < 1.

(2) Satellite orbital inclination, i 7 0.
(3) Satellite orbital period must not be the

period of earth rotation.

1-9!
!



F F
SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT

Ii
SECTION 2

SYSTEM OPERATION

U

L.

The modular design of the Simulation Error Analysis System
allows the user the freedom of calling for any of the acceptable sequences.
The program units and the associated executive routines, subroutines, and
storage assignments are compiled in relocatable binary format and are
loaded into core at the execution of one of the sequences. For ease of
handling and for a saving in machine time, a particular sequence may be
compiled onto the user's designated sequence tape. This disencumbers
future operation of the particular sequence, eliminating the time con-
suming tape searching on the SEA tape (Simulation Error Analysis tape)
which is necessary in compiling a sequence.

Thus, there are two modes of operation: one of compiling the
desired sequence which may be combined with running the sequence, and one
of sequence operation using a previously compiled sequence. The latter
operation is executed by submitting a standard SYS job setup resulting
in the complete sequence being brought into core by ths TAC II loader.

2.1 SEQUENCE COMPILATION INSTRUCTIONS

This paragraph describes the use of SYS service routines to
generate a sequence as one program to be retained for future SEA runs.
All SEA programs are compiled in relocatable binary format (REL) using
symbolic references for intraprogram communication. When more than one
RIEL program is loaded irto core memory, the TAC II loader* provides the
necessary addresses.in those instructions referencing symbolic locations

*See Philco writeup on TAC II and TACIliloader;.
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outside of the original compilation. Therefore, after loading the multiple
units comprising a SEA sequence, core will appear as it would if the units
had been compiled as one program.

The actual loading of a sequence is accomplished by running a
standard SYS job setup with one REL load card for each program comprising
the sequence. The last program to be loaded must be EXEC. This REL card
has the additional parameters LIST and SUBS. The LIST parameter signals
the loader to prepare an edited listing on the output tape (5), giving
the octal core address assigned to each symbolic location which was cross
referenced between program units. This cross reference aids the programmer
in eliminating problems that arise while attempting to run the sequence.
The SUBS parameter signals the loader to bring the necessary Philco sub-
routines into core from the SYS tape (7). These subroutines are also in
REL TAC format. Their locations are made available to the sequence pro-
grams by symbolic locations in the same manner in which the program units
communicate with each other.

After all units have been loaded, core memory will contain the
complete sequence in a form suitable for running. The SYS segmentation
aids are then used to write the complete sequence on the Sequence Tape
in RPL (Running Program Language) format. In general, this will be a
separate tape, but the sequence may be written back onto the SEA tape in
order to conserve tape usage. The segmenting routine positions the
specified tape to the end of current information, writes the new program,
and rewrites the "end of data" indicator (a block of Z's).

The reason for loading the sequence once, and writing it on
tape in RPL format, is to save computer time when running. It takes
approximately 3 minutes to lcsd Sequence I composed of 10 REL units. This
time is independent of tape searching time which will be variable depend-
ing on the length of the SEA Tape After the sequence in on the SEA tape
in RPL format, it takes less than 10 seconds to load. Therefore, it is
to the user's advantage to save the sequence via segmentation aids.

The description below outlines the specific procedure for com-

piling program sequences.

(1) Tape Unit Designations

Set the tape units with the following fixed assignments:

Logical

1. SYS Tape - no write Ring

2. ScrAtch tape, write Ring

*See Philco R and D Note Number 28
2-2
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[
3. Must have a tape mounted, with or

without a write Ring

4. Must have a tape mounted, with or
without a write Ring

" 5. Output tape, write Ring

6. Must have a tape mounted, with or
without a write Ring

7, Philco Sub~outine tgpq. no write Ring
8. Input tape, no write Ring

Variable Tape

The SEA tape containing the REL programs will
be on one unit, and an optional output tape,
other than the SEA tape, can be mounted,
(rotes c and d below explain these assignments).

(2) Job Deck Setup

One or more of the job decks presented in Figure 2-1 through
2-8 are used as input to SYS by transferring the card data to magnetic tapef and using it as the input tape (logical 8).

(3) Restrictions and Variations

The job decks shown are samples and must adhere to the fol-
lowing restrictions:

(a) Program ID's - With new compilations
of the program units, the ID's will be
changed, i.e., AQTINT may be changed to
AQTINTA. Therefore, it is necessary to
see that the current ID is given on the
REL card.

(b) Sequence ID's - Because of changes in
the program units, it may be necessary
to recompile a sequence. If so, the
sequence ID must be changed. For
example, if Sequence 1 was compiled
with the ID on the segment card given
as SEQI and a program unit is changed,
e.g., AQTINT to AQTINTA, it it neces-
sary to recompile SEQI calling for
AQTINTA and also to rename the new compi-
latioi,,e.g,, SEQIA. At -run time the

[ 2-3
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Column 25

Column 17.

SEGMENT mSEA5
I_ BIT 0--- -

Sn, EXEC,,LLIST, SUBS

REL n, CONTROLS

ELn, INTERFi

REL n, SUBS

REL n, ERPRED

SJOB LOAD SEAS

FIGURE 2-5. SEQUENCE 5 COMPILATION
JOB DECK
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II Column 25 .. f
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SEGMENT m, SEA6

"-'REL n, EXEC,,LIST, SUBS

"REL n, CONTROL6

[ R RLEL n, INTERfI .

REL n, DCDST

S/ REL n, DC

// REL n,MOCARO

[JOB LOAD SEA6

[

[.
[
I
I

FIGURE 2-6. SEOUENCE 6 COMPILATION
JOB DECK
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Column 25 --

Column 17 ,

SEGMENT rSE.A7

IBIT 0

REL n, EXEC, , LIST, SUBS

SREL n, CONTROL7

6 REL n, INTERF7

X REL n, SUBS

REL n,DC

JOB LOAD SEA7

FIGURE 2-7. SEQUENCE 7 COMPILATION
JOB DECK
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I Column 17-
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-REL n, SUBS - -.
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REL n, PREERP

JOB LOAD SEA8 7

I
I
I
[
[
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II

I FIGURE 2-8. SEQUENCE 8 COMPILATIONJOB DECKI£ 2-11
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RPL card must also be changed to
agree with the new sequence ID.
(This ID has a maximum of 8 char-
acters). Care must be taken that
no program, either an REL unit or
a segmented sequence, be on the
same tape twice with the same ID.
This will require machine time to
remedy and is very costly, both in
dollars and time lost.

(c) SEA Tape Mounting - The SEA tape
may be mounted on any unit but
1,2,5,7,or 8, and may or may not
have a write ring. The tape number
"n" on the REL cards in input must
correspond to the logical tape num-
ber on which the SEA tape is mounted.

(d) Output Tape Mounting - The output
tape for the RPL version of the
compiled program (Sequence tape)
may be on any tape but 1, 2, 4, 5, 7,
or 8. The bape number "i" on the
SEGMENT card must correspond to the
logical tape number on which the out-
put tape is mounted.

It is admissible to write the com-
piled sequence onto the SEA tape.
In this case, the SEA tape must have
a write ring, and cannot be on tape
unit 4.

(e) Sentinal Block - The "IBIT 0" instruc-
tion causes the segmenting program
to search the tape for a sentinal
block of Z's before writing the pro-
gram. Therefore, if an "IBIT 0" is
used, the tape specified in the
SEGMENT instruction must have a block
of Z's after all good information.
If the "IBIT 0" is not used, the seg-
menting program will assume that the
tape specified is properly positioned
and begin writing the RPL program with-
out prepositioning the tape. This is

2-12
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an extremely dangerous practice,
since an error will destroy the
tape data. If the tape on which
the sequence(s) will be compiled
is a scratch tape it is not the
SEA tape and i.e., no programs or
sequences have been written on it,
it is necessary to precede the first
sequence compilation job deck with
the following job deck:

[JOB WRITE SENTINEL

REWIND, m m = logical tape no.

[WRTSENT m, Z.Z Z Z Z Z Z Z of output tape.

REWIND m

If only one sequence is to be com-
piled on a scratch tape, one has the
option of replacing the "IBIT 0" card
with a "REWIND m". This will cause
the sequence to be wri'tten on the be-
ginning of the tape followed by a
sentinel block; the tape willbe posi-
tioned at the beginning of the sentinel
block.

2.2 SEQUENCE OPERATION

L- SEA sequence runs are executed under SYS control. This means
that standard SYS tape and input deck setups are used. Tapes required for
a sequence run are:

Logical

S1. SYS Tape

2. Scratch Tape

3. Scratch Tape

4. Sequence Tape

1 2-13
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5. Output Tape

6. Scratch Tape

7. Not required

8. Input Tape

9-15. Not required

Sequence output is on Tape 5. Printer or hard copy output is
in data select 0. Punched card output is in data select 2 and should be
punched in code mode with the "sense control characters" switch set to
ignore (Punched Card Controller Switches).

Sequence input is on-Tape 8. One job consists of one or more
cases on the same SEA sequence, i.e., one job may contain several cases
on SEAl only. Jobs always begin with a JOB card, JOB in Col 17-24, and
contain an RPL card, RPL in Col 17-24, calling the sequence desired.
Dump cards, DUMP in Col 17-24, are optional and may precede or follow
the RPL card. All cards after these are SEA cards and actual input data.

One case in a SEA deck is always preceded by a case card, SEA
in Col 17-24, and followed by an ENDDATA card, ENDDATA in Col. 17-24. The
last case in a job should be followed by an SYS card, SYS in Col 17-24.
In between the case card and the ENDDATA card is the input data consisting
of all program control and data cards necessary to run the case. The Job
Deck setup required to run sequences 1 to 8 is included in Figures 2-9
through 2-16. Any one case will be subject to the following restrictions:

(1) One element set consisting of two element cards
is the maximum allowed. This can be type A, B,
C, or D. Type C and D elements must be preceded
by the associated sensor card.

(2) For element input type A or B, 100 sensor cards
are allowed. For element types C and D, one
sensor card is allowed, the sensor associatedwith the elements. -I

(3) One hundred simulation parameter cards are allowed.
There must be a sensor and a standard deviation
card for each different sensor specified on the
simulation parameter cards.

(4) One hundred standard deviation cards are allowed.
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I f -- Column 9

Column 17

1/ /

ENDDATA

ERPRED CONTROL

j MOCARO CONTROL

SGPDC CONTROL

J CAOTINT CONTROL __-

(E Card 2, Elements)

(E Card 1, Elements)

(M Cards, Standard Deviations and Biases) -

7 (I Cards, Simulation Parameters)

L (S Cards, Sensor Coordinates) 

_

-- SEA SEA____JM I,

DUMP C,1000,77777

DUMP F, 1000, 77777

SRPL n, SEAl

JOB

Column25[
I
l

FIGURE 2-9. SEOUENCE I RUN
JOB DECK
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Column 17

/ II

SYS

- ENDDATA

/AOTINT CONTROL

-(E Card 2, Elements)

SC-rd 1, Elements)

(I Cards, Simulation Parameter)

ý(S Cards, Sensors)

SEA SEA1
imp

S DUMP C,10,77777

DUMP F, 1000,77777

/ RPL n, SEAZ

"yJOB /

Column 25

FIGURE 2-10. SEOUENCE 2 RUN
JOB DECK
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II Column 9

Column 17

,/ /.

S-' &YS
ENDDATA

3 " •AOTINT CONTROL

(' (E Card 2, Elements)

I ,(E Card 1, Elements)

(I Cards, Simulation Parameters)

(SCrs Sensors)-

SEA SEA3

DUMP C,1000,77777

SDUMP F, 1000, 77777

I RPL n, SEA3

I JOB

I- Column 25

I

I

.3 FIGURE 2-11. SEOUENCE 3 RUN
JOB DECK
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DUMP F, 1000, 77777
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FIGURE 2-12. SEQUENCE 4 RUN
JOB DECK
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Column 17
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SYS

/ ___ENDDATA

SGPDC CONTROL

MOCARO CNTROL

(0 Cards, Observations)

(E Card 2, Elemerts)

(E Card 1, Elements)

f(M Cards, Standard Deviations and Biases)

(S Cards, Sensors)

SEA SEA6,

,_iJMP *

DUMP C, 1000,77777

DUMP F, 1000,77777

RPL n, SEA6

JOB j
Column 25

il

FIGURE 2-14. SEQUENCE 6 RUN I
JOB DECK
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IIColumn 9
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S ,/ 
//'_ _ __ _ _ _ __ _ _ _

77 SYS
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t S(GPDC CONTROL

(10 Cards or SPADATS Observation Cards
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RPL n. SEA6

JOB Column 25

FIGURE 2-15. SEQUENCE 7 RUN
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FIGURE Z-16. SEQUENCE 8 RUN I
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[
(5) Observations can be standard SPADATS format,

0-9 or A in Col 80, or SEA format, 0 in Col 80.
If the elements are type A or B, either type may

be used. If SPADATS format is used, the elements
must precede the observations. If elements are
types C or D, only SEA format observations are
allowed. In any case, 500 observations is the
maximum allowed.

(6) A maximum of 500 variant element sets is allowed.
These must be type A or B, and must be preceded[ by the element, nominal elements, input.

(7) One control card of each specified type should
be included.

[
[1

I

[
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[ SECTION 3

[ PROGRAM UNITS

[
[

[ The seven major program units comprising the Simulation Error
Analysis System are:

SAcquisition Time Intervals AQTINT

Observation Simulation OBSIM

SMonte Carlo MOCARO

Differential Correction SGPDC

Element Distribution DCDIST

Error Prediction ERPRED

SPrediction Distribution ERPDIST

This section presents a detailed description of each program unit in terms
of general function, input-output data requirements, computational and
logic processes. Also, each program unit is summarized according to system
data blocks, associated input cards, and common subroutines used. Reference
should be made to Sections 5, 6, and 7 for detailed formats of the respec-[ tive blocks, cards, and common subroutines.

In addition to the program formulation subsections, a schematic
representation of each program unit is also exhibited. These flow diagrams
serve to augment the description of the computation and logic processes

3-1
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for each program unit. The following definitions of the symbol logic will
aid in following these flow diagrams:

DESCRIPTION Operation symbol with operation described
within the box.

Outside entrance or exit with symbolic
location "NAME".

Q Connector, flow chart reference = n.

COND OTest or branch - if condition exists, exit
to the "yes" path; if condition does not

exist, exit to the "no" path. (May be com-
parison with = vs f, < vs >, etc).

NCommon subroutine, "NAME" writeup appearing
in Section 5.

Program subroutine, either on flow chart or
in program writeup.

Internal program Switch "A" or other designa-
tion ("B", "C", etc.) path will vary depending
on preset value assigned to the switch.

NAME Written adjacent to any of the symbols above,
this is the symbolic location in the coding
associated with that function.

The individual program units are preceded in this section by a
description of the initializing process. This is not a program unit per se,
but is required prior to entering any of the system sequences. The control
of this initializing process lies within the executive function of the
sequences. Initialization is executed immediately after SYS transfers
control to the sequences.
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3.1 INITIALIZATION

[The computations required before entering any of the program
sequences include the conversion of the four input element types (A,B,C,D)
to a common type, computation of Greenwich sidereal time at epoch,
retrieval of year constants for the sun, and transformation of sensor
coordinates to a rectangular form. The system actually contains these
computations in the executive subroutines ELMRED and SENCARD and not in
a separate initialization unit. The outputs generated by these routines
are germane to the program units and therefore are presented in this
initialization section.

[ 3.1.1 INPUT-OUTPUT DATA

[ The input data required by the initializing subroutines include:

(1) Element cards (four types accepted)

SType A (a, e, i, n,, , Mo)

Type B (x, y, z, k, ý, i)

SType C (Hq, e,i,hv P)

Type D (a, e, i, a, w, h )

" (2) Sensor cards

The output data produced by the ELMRED subroutine consist of:

S(1) EBLOC - system data block containing input elements
in M N form, time of epoch, Greenwich sidereal timeSat epoch, and satellite identification.

(2) Mean longitude of the sun at the beginning of the
epoch year (types A and B only).

(3) Corrective constant used in computing the true
longitude of the sun (types A and B only).

The output from the SENCARD subroutine produces SBLOC, a system
data block containing sensor coordinates in rectangular form.

3
1 3-3
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3.1.2 FORMULATION

Element types A and B require the computation of the Greenwich
sidereal time at epoch, et , by means of

0

6t = e + 0.9856472 (integer) + 360.9856472 (FRAC), (3.1.1)
t 0

where integer is the day number since the beginning of the year and FRACL1
is the fractional part of the day. eo is the Greenwich sidereal time at
the beginning of the year, obtained from a table look-up procedure,
STLC subroutine. This subroutine also provides L., the mean longitude
of the sun at the beginning of the year, and C3, a corrective constant
for the same year.

Element type C is arbitrary with respect to epoch, and therefore
the conversion of this type is made with the simplifying assumption that
to = 0 and et0 = 0. Types C and D depend on station location and require
the coordinates of the station to be available before conversion.

The transformation of the geodetic station coordinates to rec-
tangular coordinates is accomplished by the relationships,

xc = (C + H) cos * (3.1.2)

Yc= (S + H) sin 0

where

Yc = sensor position above equatorial plane.

xc = projection on the equatorial plane of the
distance from geocenter to sensor.

The quantities C and S are conversion factors based on the International
Ellipsoid with flattening, f = 1/298o3,and equatorial radius a = 1
(6378.15 kin), e

c = (3.1.3)
41- (2f- f 2 ) sin2 *

S= (1 - )2 C.(3.1.4)

-f) C.
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and

[H = altitude above the reference ellipsoid
(approximately sea level).

[ = geodetic latitude.

The output data block, SBLOC, contains the quantities, east longitude,[ E' -c' - Yc' 0, and H.

The element conversion subroutines compute the M N elements

(axNo ayNo h o Oh ,L)

[ from any of the four input types, A, B, C or D.

The conversion for classical elements (ETYPA) is straight-
forward. First, the semilatus, p, is found from the semimajor axis, a,
and the eccentricity, e, by

p - a(l - e2). (3.1.5)

I The components of the angular momentum vector, h, follow, using the right

ascension of the ascending node, a, and the inclination, i,

[ h :-p sin il sin i, (3.1.6)

h Y= p cos n sin i, (3.1.7)

h =4pcos i. (3.1.8)

The nodal components of the a vector, which depend on e and the argument
of perigee, a, are computed from

axNo e cos co, (3.1.9)

a YN =esinw . (3.1.10)

1 3-5
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Finally, the mean longitude at epoch is computed using c, a, and the mean
longitude at epoch, M, from

+ for h > 0

zL = M S1 + cu,,Z(.1)
0 0 - for h < 0.

The conversion for the position and velocity elements (ETYPB)
requires a more complex set of formulae, which are necessary to avoid the
singularities associated with low eccentricity. The components of angular
momentum are obtained directly from the position vector r and the velocity
vector i in the vector product

r x
h (3.1.12)

where the vector product is computed using the input components r(x, y, z)
and i(k, y, z). The computation of p follows.

p = h •-h. (3.1.13)

The orthogonal set of unit vectors is then computed

U = r/r, (3.1.14)

W = h/p (3.1.15)

V = W x U, (3.1.16)

where U is the unit vector along 1, W is the unit vector normal to the
orbit plane in the direction of the angular momentum vector, and V com-
pletes the right-handed set. The eccentricity is obtained from

2 2 2e = (e cos v) + (e sin v) , (3.1.17)

where

e sin v = - (3.1.18)

and

e cos v p/r - 1. (3.1.19)

3-6
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Equations (3.1.12) and (3.1.18) utilize the mass function, g, which is
taken as unity in satellite applications. The radial component of the
velocity vector, i, in Equation (3.1.18) is computed from

r .

r r (3.1.20)

The semimajor axis, a, and subsequently the mean motion, n, are then[ available through Equation (3.1.5) and

n = kerr a"3/2 (3.1,21)

where k is the geocentric gravitational constant. True longitude atI epoch, 0, is computed from

1 = an ux +Vy] (3.1.22)

The nodal components of a follow, using

a = U e cos v - V e sin v (3.1.23)

which leads to1 2 -1/2

axN = (-axWy + a W )(1 - W Z) (3.1.24)

[2 -1/2 2z 1/2
ayN 0 (-a WW aW ( W)z) + az(l- W )

SThe difference between the true anomaly, v, and the eccentric anomaly, E,
is computed from

E ta s (v E) 't(3.1.25)

where

sin (v - E) : r[(e cos v)(e sin v) + e sin v (3.1.26)L + (1 e)1/2

1 3-7
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and

cos (v - E) = sin v) 2  + Cos . (3.1.27)
S+(1- e)1/2 I

Combining

e sinE = r e sin v (3.1.28)
p

with the results of Equations (3.1.22) and (3.1.25), the mean longitude at
epoch is obtained from.

L = 1 (v - E) - e sin E. (3.1.29)

The ETYPC conversion routine treats the elements defined by a
partial set of elements and a description of the pass over the sensor.
This partial set of elements includes the altitude of perigee above the
reference ellipsoid, H , the elevation angle of the satellite as it
crosses the meridian o? the sensor, hc, the true anomaly of the satellite
as it crosses the meridian of the sensor, vc, e, and i. The elevation
angle at culmination is specified either north or south of the sensor's
zenith. The pass over the station is specified either north-to-south or
south-to-north. Even though these north/south descriptions become in-
congruous when the satellite is at the apex or zenith positions, no ambig-
uity exists in the mathematics.

The magnitude of the radius vector from the geocenter to the
satellite at culmination is obtained by

r g(l + e) (3.1.30)c 1+ e cos v
c

where the perigee distance

q = 1 + Hq (3.1.31)

The geocentric latitude of the subsatellite point * (Figure 3-1) is

computed from s

$ + north of zenith (3.1.32)
s c+ - south of zenith

where ?P is the complement of the sum of the angles (hc + Pc)(see
Figure 3-2) and

3-8
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PC=in R cos h . (3.1.33)

The angle u and k shown in Figure 3-1 are computed by means ofC C

= sin 1 [sin 40 (3.1.34)

and

rtan s

k = sin- [tan Osi. (3.1.35)
c 1tan ij

The quadrants of uc and kc are determined by the direction of the pass
over the sensor and the signs of the bracketed quantities. The angles i
and cn are obtained from

-kE " k if i <_ A/2

(3.1.36)
=E + kc if i > v/2

and

(0 u - v . (3.1.37)

The eccentric anomaly at culmination is obtained from

[sin ElcEc = tan-1 I C- 1  (3.1.38)
c 1 Cos E

where

41-- e7 sin v
sin E = +ecosv (3.1.39)

CC C

and

cos v + ec
cos E = (3.1.40)c I + e cos v

CC c
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The orbit epoch is defined at the satellite culmination over the sensor,
meridian and

t =0
o (3.1.41)

[iet°=°

M = Ec - e sin Ec (3.1.42)

The computation then continues, as given by ETYPA, to obtain the desired
[M N form.

The fourth option on the element input is converted by ETYPD.
This input type defines the elements at a particular range, p0o, and eleva-
tion angle, h_, from a specified sensor. Along with these quantities,
the orbital eyements a, e, i, 0, and co are also required as input.
Initially, the program tests po to ensure its validity with respect to the
orbit elements. This test is

Pmin - Po o 0max' (3.1.43)

Fi where

n Pmin = q R (3.1.44)

Pmax = J --R- (3.1.45)

Perigee distance, q, and apogee distance, q2 $ in the above equations areI obtained from

q = a(l - e) (3.1.46)

and

q = a(l + e). (3.1.47)

If po is valid, the routine goes on to compute the geocentric distance to
the satellite, ro,

r R + po + 2R p sin h (3.1.48)
00 0 0
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and the true anomaly

v = Cos 1 [ (3.1.49)

where p is computed from Equation (3.1.5), and v is double valued.

The components of the unit vectors P and 9 in the direction of
motion in the orbit plane are computed from

P = cos w cos 0 - sin c sin 0 cos ix

P = cos w sin n + sin w coos n cos i (3.1.50)Y

P = sin w sin iz

and

Qx - sin w cos a - cos cu sin Q cos i

QY = - sin w sin a + cos cu cos i cos i (3.1.51)

Qz = cos a sin i.

The components of two U vectors are now obtained from the two solutions
to v by

= cos v P + sin v 0 , (i = 1,2). (3.1.52)

Auxiliary angles X', which are the local sidereal times of the station for
the solutions of the U vectors, are established by

ta= u 2 tan , (i= 1,2) (3.1.53)

where

-2 cos * + U sin -cos
zi zi

K - c- i, (i = 1,2) (3.1.54)1 1- U2 cos 4p- U sin 41 + cos e
zi zi
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R

COS C = (3.1.55)o -po sinh°
00 0

Of the two pairs of possible solutions, one pair is arbitrarily selected
and the X1 in which the satellite is entering the field of the sensor is
chosen as epoch rather than the one in which it is exiting the field.

The Greenwich sidereal time at epoch for either of the solutions
is obtained from

[t = • X E (3.1.56)

The eccentric anomaly, E0 , at satellite epoch, etr, is computed
by Equations (3.1.38), (3.1.39), and (3.1.40) (with subscripts c replaced
by o). The mean anomaly M is then obtained by

M E -esin E . (3.1.57)

3.1.3 SCHEMATIC COMPUTATIONAL SEQUENCE

As previously mentioned, the programs used in the initializing
process are executive subroutines. The major routines ELMRED and SENCARD
and their associated routines are described fully in Section 5. The flow
diagram of ELMRED is shown here (Figure 3-3) for continuity, since it
performs the major initializing function and indicates the role of SENCARD
and the associated routines.

I
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3.2 ACQUISITION TIME INTERVALS - AQTINT

The time of satellite acquisition for observation from a given
station and sensor is governed by two main considerations. The first
consideration is the orbit-plane orientation requirement for sensor
visibility, and, secondly, it is desirable to specify the acquisition
times in such a manner as to provide flexibility in the sensor's observing
schedule. During the first and following passes of the satellite,
consistent with an observation duration of selected dates, a specification
of the initial and final acquisition times which corresponds to convenient
sensor initial and final elevation Angles will provide a wide range of
observation times. The subdivision of the interval between the initial
and final times into observation segments yields several initial and final
o.bservation times available for selection according to a desired obser-
vation schedule.

3.2.1 AQTINT INPUT-OUTPUT DATA

In the formulation of acquisition times in accordance with the
above considerations, it is assumed the following quantities are available
as input data:

(1) EBLOC, the M N satellite orbit elements and
sidereal time at satellite epoch.

(2) SBLOC, sensor identification and sensor station
coordinates.

(3) IBLOC, the initial and final elevation angles i
convenient for the sensor, total number of
observation segments per satellite pass, the
segments chosen for observations, and observation
time frequency.

(4) Time duration of observation. j
The output from the program is a block of data, TBLOC, consisting

of the times of acquisition from each sensor. The individual times depend
on the simulation parameters, Item (3), and the number of acquisition times
depends on the observation duration; however, the total number of times
is limited to approximately 600. An optional feature of the program
enables this block of acquisition times to be printed along with each
corresponding sensor identification.

3-16
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3.2.2 AQTINT FORMULATION

1 The task of finding the observation times for a given satellite
orbit and station is first concerned with the problem of determining the
conditions necessary for the satellite to be above the observer's horizon.
The examination of the geometric relationships between the orbit or orien-
tation and position of the observer's station yield the following conditions:

(1) If 7) > 1 (3.2.1)

and V/ > V

i a portion of the satellite orbit track will always be

above the observer's horizon.

Ii(2) If 7) > 1 (3.2.2)

j and Vl < V

t he satellite will never be visible from the station.

(3) If 7) < 1 or 7) < 1 (3.2.3)

a portion of the satellite orbit path will be above
the observer's horizon only when

[ 1 > V (3.2.4)

The quantities in Equations (3.2.1) through (3.2.4)
are defined by the expressions:

I xn yn
- 1 -2l~ ,ax +a 2  2

S= a(l + e) " p (3.2.5)

(h X + h Y + h Z)2
SJ1 x v 2 z (3.2.6)

(X2 + + Z2) p
z h
S- sin 1

1- (h 2  (3.2.7)co 0 _ h2

1 !:3-17
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h -

77- sin• -VI 1 V22 i(3.2.8)

cos 1- h /P

F2  2 2

F+=ax + a2]V 2 n y (3.2.9)•2 " _p

X - -x cos 9 (3.2.10)c

Y - -x sin ic
Z = c

The local sidereal time, e, is obtained from

e - e + XE + (0.0043752691) t, (3.2.11)
t

0

where e t is the sidereal time at epoch from EBLOC,X E
0

is the east longitude of the sensor, and t is time in
minutes relative to satellite epoch. If the condition
specified by Equation (3.2.3) prevails, then an iterative
procedure must be carried out, advancing time, t, until
the condition specified by Equation (3.2.4) is fulfilled.
The existence of the condition specified by Equation (3.2.4)
is guaranteed by the existence of condition (3).

The satellite will be above the horizon upon satisfaction of
the inequalities (3.2.1) or (3.2.4) and when I

L z > 0, (3.2.12)
Zh

where

L - (Px cos 9 Cos +py sinecosa + z sino) (3.2.13) HLh P

3-18
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[
and

P = x + Py2 + P 2  (3.2.14)

I The components of p are obtained from

Px = X + x (3.2.15)

Py W Y+y

y

Pz z

[ where x, y, and z are obtained from the MNREP subroutine. An iterative
procedure must be performed in the time variable, t, until the condition

11 specified by Equation (3.2.12) is fulfilled.

The time, t, corresponding to a given satellite elevation,
hRE , is determined by the convergence of the following iterative process.

A lnear approximation to the time interval from the current time point,
obtained through condition (3.,2.12), to that for hREQ is

A t (h=Q h)P (3.2.16)

k ke (k- pe'X
giving the next representation point by means of

t NEXT t + At (3.2.17)

I
I
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The equatorial system components of • in Equation (3.2. 16) are obtainedfrom the horison system components by the rotation

" 3 % + D + Z

z S + 9 + D Z

where

- sin h s A

ox s in 0 cooe

By a sin 0sine (3.2.20) .
lyl

"x * " sin e

S = coo (3.2.21)
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[
and

Z - coo coo e

S=:: co::o sin e (3.2.22)

SZ - sin

The components of the vector . are obtained from

[X -Y Ye +c

Xe y (3.2.23)

P Z z

where x, y, and - are available from NI9HP, and e is the rotation rate

of the earth. The azimuth, A, and the elevation angle, h, in Equation
(3.2.19) are computed from the components of the Lh vector. These

I. expressions are

• h - tan-1  h 0 < h <( 900 (3.2.24)

- ~zh_

and

I utan C _ 0 < A < 3600 (3.2.25)
Ih

[3
[
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where

L = [p cos sinP + py sinsaine- pz cos (3.2.26)
h P J

= P (p c - sine ) ,(3.2.27)Lyh P (y co x

and L is obtained from Equation (3.2.13). 1zh

Finally, the initial and final observation times corresponding
to the ith observation segment are obtained from the expressions

t . T + (SEGNOS - 1)" I NUSEG (TF - TI) (3.2.28)

and

t =T + (SEGNOS) + nF I NUSEG (TF T1) (3.2.29)

where

T, time in minutes relative to satellite epoch corresponding
to the initial elevation angle, h .

TF time in minutes relative to satellite epoch corresponding

to the final elevation angle, hF.

n number of consecutive segments minus 1.

NUSEG - total number of observation segments in one satellite
pass.

SEGNOS = number, identifying the ith selection observation
segment.

The latter two quantities are inputs, where NUSEG may be any number of
segments up to a maximum of nine. SEGNOS is derived from input specifying
any combination of the segments defined by NUSEG as is the integer, n.

3-22
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3.2.3 AQTINT PROGRAM SPECIFICATIONS SUWOARY

[ a. System Input

SBLOC OBSDUR

I IBLOC PERT

TOfl

b. Associated Input Cards

E CARD AQTINT CONTROL

SCARD ICARD

Ic €. System Output

Ii TBLOC

d. System Common Subroutines

ARCTAN MNRBP SFXINT

EUNPCK NXJOB SFXFLT

EXEND PAGECON CARDER

GLOP SENGET

IGET SEPSUB

I PANT ARCSIN

ARCOS SETJC

1. INITI HEAD

Se. Philco Subroutines

FSIN FSQRT FASIN

FCOS FACOS

S3-23
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3.2.4 AQTINT SCHEMATIC COMPUTATIONAL SEQUENCE

The following glossary provides the definitions of abbreviations
used in the AQTINT flow diagrams. These diagrams include an overall
description of the program logic (Figure 3-4) followed by a detailed
description of the program logic (Figures 3-5, 3-6, 3-7).

Location Quantity
IDELTAT Time frequency of observation

ROMAX P max - sensor maximum range of observation

CAPTR T = time of satellite rising
R

CAPTS TS a time of satellite setting

OBSDUR Observation duration

HI hI - given satellite angle at beginning of
acquisition interval

HF hF given satellite elevation angle at

ending of acquisition interval

DIRI Indicates rising or setting beginning elevation

DIRF Indicates rising or setting ending elevation

DTDENOM Denominator of At (Equation 3.2.16)

DELTAT At (Equation 3.2.16)

NU v (Equation 3.2.5)

NU2  V 2 (Equation 3.2.9)

ETA T (Equation 3.2.8) .1

ETA1 1  1 (Equation 3.2.7)

DELTE Time step (min.)

DELTP Time step (min.) :
T Current time since satellite epoch

3-24
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Location Quantity

LOOPO

LOOP
LOOP1 Counters

I. LOOP2

TT Special T

DIRS Contains DIRI or DIRE

1HS Contains HI or HF

TTEST
Special T

TTEST 0

AQTHET Computes sin e , cos e (Equation 3.2.11)

AQCAPR Computes R (Equation 3.2.10)

AQNU1  Computes V1 (Equation 3.2.6)

AQRHO Computes p (Equation 3.2.14)

AQELEV Computes h (Equation 3.2.24)

AQDELT Computes A t (Equation 3.2.16)

ZAGOUT Outputs simulation parameter summary

AQOUT Outputs T Bloc if specified

I3
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ENTER AQTINT

COMPUTATION SEQUENCES 0 THROUGH 3

SETS UP ELEMENT, SENSOR AND PARAMETRIC DATA,
ERROR EXITS. PROVIDES SOME OF THE CRITERION
FOR DETERMINING IF THE ORBIT TRACK IS NEVER
VISABLE, ALWAYS VISABLE, INTERMITTANTLY VISABLE.

ITERATIVE COMPUTATIONAL SEQUENCES 3 THROUGH 6

DETERMINES IF ORBIT TRACK IS NEVER VISABLE, ALWAYS
VISABLE, INTERMITTANTLY VISABLE AND THE TIME
RELATIVE TO SATELLITE EPOCH WHEN THE ORBIT TRACK
WILL BECOME VISABLE (WITHIN 10 MINUTES)

ITERATIVE COMPUTATIONAL SEQUENCES 6, 7

DETERMINES THE TIME OF SATELLITE RISING AND
SETTING (WITHIN 1 MINUTE) FOR ALL SATELLITE
PASSES OVER THE SENSOR OF A 5 MINUTE OR GREATER
DURATION

ITERATIVE COMPUTATIONAL SEQUENCES 8 THROUGH 11

DETERMINES THE TIMES CORRESPONDING TO THE GIVEN
SATELLITE ELEVATION ANGLES.

COMPUTATIONAL SEQUENCE 12

COMPUTES ACQUISITION TIMES CORRESPONDING TO
SEGMENTS CHOSEN BETWEEN THE GIVEN INITIAL
AND FINAL ELEVATION ANGLE FOR PASSES OVER
THE SENSOR WITHIN THE OBSERVATION DURATION.

EXIT AQYINT

FIGURE 3-4. AQTINT MACRO FLOW I

32
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TBLOC DULTP - 60 SET SW ETA 11: 1

ENTRIES PER DELTE -5 5
STATION IN CAPT - 0 A & B TO 1c

TBLOX SW NOUNPCK 0 0

AQ1A

•v Ia TO 1, E TA :
AQB2 SWI TODET 2 0 W!T -l

=ET 60>

T- DELTP• S SET COUNTERS S2T
(LOOP & LOOPO) =0 SWR TO 2,
SET SW A B C
TO 1

AQBl AQUA 1'

81TSr SEWS
A & 3 TO 2
DELTF - 10D&I v

FIGURE 3-5. AQTINT 3-27



4

6 Aq2 T AQCAPR SW AQ2E~ IOOP:2 I- S 2 NU < N YES

BQ2 A 2A ik

[T-.o TT SET SW C
T + DELTE -s*T TO 2
LOOP + 1 --o LOOP

AQF 1II TT -sCAPTR
AQ~lA(RISING TIME)

L~OOM + I>1 SET SW D &ETO 2
7 -IOOLOOPO:1 SW DELTE - 5

2LOP LOOPOO- A F4
2AQF2 SET SW R TO 2 CLEMRCOUNTERS:

iiDELTE- T -sCAPTS I. ---H LOOP, LOO
6 T-4 -Tl (SETTING HIMH DIRP --* DIRS LOOPi, LOOP2

SET SW R TO 1 C
HI. --sTS CID~IR-+ DIRS S

14

AQ5A AQ5A1

9 AqTIET !'flREP AQCAPR AQUHO AQELEV AQDELT YSTESTDR

AQ6A AQBA5 OAQS

1/2 /2(TEST 3 4TEST(T+TTESTO) TTESTO) DTDENG

A A0

L3 LOOP2:4

FIGURE



Aq~1

SET sw
4 7TO 1

2AQC2 No0E AQCI E AQDO

2 NU (<1 YES H&E AQRWI AQEIZV L Ž ~LOOP:O 8
Zh D

2

A 
2724

2 CLEAR COUNTERS A 5 CAPTS- T, TTESTO
LOOP, LOOPO, PM CPR-La

LOOMi, WOOP2 TEST DIRS SET SW U, V, 9

ANMXT
AQ5X

CAPTR- T. TTESTO
CAPTS - LIMIT
SET SW U, V,
W, X, TO 1

14

AQ5C

YES Pm TEST A* +DELR TTEST It~ SW 2 WIEST : w
IDELT TEST DIRS DTDENM -)TTEST LIMIT v TIESTO x

NO A5 KAQVI 1 * 1.

TET z.UTTEST I

12

11AO

FIGURE 3-6. AQTINT (Continued) 3-28



1 10 ~~AQSDa TS-
1:1 5TT BT T01 + Q f i u A qOA J

10 as LM-.1002 +I AM E

[ TTZSO

[ 13 AQA, I

AQSD2 AQ7 -0oi

TEST Ž0 OBSDIM: OBSDUR TIST SW 0I SZNO
12 *P1CAMT CAMT NOUNPC* wsb

I O
I.P-

Tt 0*



F21-

AQ5DAQR1

IHS-HI LOOP1 + 1 S 1 DI- IS

AQHOAQ-V . F HS 8- ONE

AA(0.0002 RP SET SW R TO 2

AQ7F AQ7C AC7DE

NouNPcK PUT e SEGNOS IN P COUNTRs CONSECUTIVE COMPUTE AND ,f
C_ (RETRIEVAL sw)J A TABLE. (N & W) SEGMENS & STORE IN TBLOc

14 F
TDR -PDATE TOCLA TES

COUNTERSCUTRLO

TBII

FIGURE 3-7. AQTINT (Continued) 3-29, 3-30



SSIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT

3.3 OBSERVATION SIMULATION - OBSIM

I The purpose of the Observation Simulation Program is to compute
topocentric coordinates for a satellite pass over a given set of sensors.
It is assumed that acquisition times are provided, along with the time

I• frequency of observations desired during the acquisition interval.

[ 3.3.1 OBSIM INPUT-OUTPUT SPECIFICATIONS

The program requires as input the following quantities:

[ (I) EBLOC, elements of the satellite orbit in M N
representation and sidereal time at epoch

(2) SELOC, sensor identification and stationIi coordinates of the sensor(s)

(3) TBLOC, initial and final time limits of the
acquisition interval for the sensor, sensor
observing frequency, sensor observation type,
and maximum range of sensor effectiveness.

The output of the program is the block of data, OBLOC, containing

the following information:

1[ Sensor number (identification)

I. Time

Two angular quantities and/or Range and/or

Range rate

The program obtains the simulated observations sensor by sensor.

These observations are stored in core to a maximum of 500 points. Any
further observations will be punched on observation cards.

3.3.2 OBSIM FORMULATION

The following steps provide the required observation simulation
at the points specified by the acquisition interval and the observing
frequency for each particular sensor.

L 3-31
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The value of the local sidereal time at the required observation
time is given by:

e - (et + E) + t (0.0043752691), (3.3.1)
0 E

where XE is the east longitude of the station in radians, t is the current
time in minutes relative to the satellite epoch, and eo is Greenwich
Sidereal time at epoch in radians.

The station position vector components are computed from

x - - x cose

c
- - xc sine (3.3.2)

Obtaining the satellite position vector (x, y, z) from MNREP
permits the computation of the range vector

• X X+ x

S' Y + y (3.3.3)

S= Z + z

and from this, the range to the satellite

:1• p2 y2 2
p= + +P + Pz (3.3.4)

If the sensor has a limited range, Pmex, then the criterion I

S< fmax ' (3.3.5)

must be satisfied. Also, if the sensor is a visual type,.then the following
criterion must be fulfilled. The satellite will be visible if illuminated ]
and if the elevation angle of the Sun is negative. The elevation angle of
the Sun is negative if, and only if,

sin h - 0 (3.3.6)
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[
The satellite will be illuminated if

cos (xL +yL +zL )ŽO (3.3.7)

[and if cosý< 0, then the satellite will be illuminated if, and only if

Sr -Cos > 1 .(3.3.8)

The direction cosines to the Sun are computed by

1 e tL r c os Cos a
0 a

ILL - os6 sin (3.3.9)

J, L e s i n 6

where the right ascension of the Sun, a., is obtained from

aa -10- C 4 sin 22 (3.3.10)

and the declination, 6., from

[ r n - tan- c 5 sin adi] . 3(3.3.11)

Equation (3.3.10) requires the current value of the true longitude of the

Sun. This is computed from
2 L + Ct+t)+C snC ( (3.3.12)

where Le, the mean longitude of the Sun at the beginning of the year in
radians, and -C3, a corrective constant, are obtained from the STLC sub-
routine. The other constants in Equations (3.3.10), (3.3.11), and (3.3.12)
are

[ C1  - 0.01720279 rad/day

C 2  - 0.0333358

C 4  - 0.0431096

C5  - 0.4336635

3-33



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCMI4INT

i t

The satellite azimuth and elevation angles are computed from

A - tan" 1 [ yh ,0 <A<A2?r (3.3.13)

and 
j

h - sin- 1  L - • h< Z (3.3.14)

Equations (3.3.11) and (3.3.12) require the Lh vector components

L (pQ cose sink +p sine sino-p cos )
xh P x y

S- (py cose - p sine) (3.3
yh p

L z (Pý CoseCos0 + py sin9cos 0+ p, sine)
zh p

The right ascension and declination may be found from

tan- , 0 < < 27T (3.3.16)
6.- sin- L ,- • -

-L < 6 <- (3.3.17)
z' 2 - •

Equations (3.3.16) and (3.3.17) require the L vector components i

•" Px
x p

L- y (3.3.18)- y Po.[

L • z" z P

3-34
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The remaining simulated quantity, range rate, is computed by

p L (x + i) + L (j + )+ , (3.3.19)
xy z

where x, y, and - are components of satellite velocity obtained from
MNREP, and

x- xe

Fi e - 0.05883447.

3.3.3 OBSIM PROGRAM SPECIFICATIONS SUMMARY

a. System Input

EBLOC XLSUNO OBSOPT

IsSBLOC C3

TBLOC PERT

b. Associated Input Cards

E Card AQTINT CONTROL

S Card

I c. System Output

OBLOC

"d. System Common Subroutines

ARCTAN MNREP SENGET

EUNPCK NXJOB SEPSUB

EXEND OBPCK FOBPCK

GLOP PAGECON SETJC

IOBPCK PANT ARCSIN
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e. Philco Subroutines

PSIN

FCOS

FATAN

FSQRT

3.3.4 OBSIM SCHEMATIC COMPUTATIONAL SEQUENCE

The Observation Simulation flow diagrams are shown in Figures3-8
and 3-9. The following glossary of terms explains the references made
throughout the diagrams to functions presented in the formulation.

RHO Computes e, R, , (Equations 3.3.1, 3.3.2, 3.3.3,
and 3.3.4).

ANGSUN Computes I, a., 6e' L , sin h, P (Equations 3.3.6,

3.3.9, 3.3.10, 3.3.11, and 3.3.12)

LUMANG Computes cos * (Equation 3.3.7).

ELEV Computes Lh (Equation 3.3.15).

AZIM Computes A (Equation 3.3.13).

RTASCN Computes L, a (Equations 3.3.16, 3.3.18).

DECLIN Computes 6 (Equation 3.3.17).

RODT Computes p (Equation 3.3.19)

3OUTB Provides OBSIM output according to input options
OBSOUT

L3

[1
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3.4 MONTE CARLO - HDCARO

The Monte Carlo, MOCARO, Program Unit is concerned with the
generation of sets of contaminated observations from the set of hypotheti-
cally true observations. The generation process is based on the hypo-
thesis that the difference between the contaminated and true observations I
is represented by a random sensor error of fixed standard deviation,
0 obs' and a bias error of fixed magnitude. The standard deviation error

and bias error are therefore representative of the sensor accuracy.

3.4.1 MOCARO INPUT-OUTPUT DATA

The input data consists of:

(1) OBLOC, true observations i

(2) SGBLOC, sensor standard deviation and bias errors

(3) FIRSTRN, first random number used to start the -

generation of random normal deviates

(4) COFLAG, control option to print out contaminated H
observations

(5) K, the number of sets of contaminated observation
to be generated.

The output is a block of contaminated observations, COBLOC,
containing the information:

Sensor number

Time

Two angular quantities and/or

Range and/or

Range rate
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I
3.4.2 HOCARO FORMULATION *

The contaminated observation, OBSCI is obtained by the
relationship,

OBS - OBST + BIASoBS + XR OOS

i where

OBST simulated value of the observation from OBLOC

IXRN random normal variate

BIASoBS fixed estimate of bias error of the sensor's measurement

( 0BS fixed estimate of standard deviation of the sensor's
measurement

aThe random normal variates, XRN, are obtained by a generation

and subsequent transformation of uniform random variates. The generation
of uniform random numbers is obtained from the relationship

r rn +1- rG, [OD 247] (3.4.1)

[ where G is a large odd number. The starting random number, ro, is of the

form,

r - 4K + 1 (3.4.2)

where K may be any positive integer. 4 7 Equation (3.4.1) will produce
pseudorandom integers between 0 and 2 . The integers are changed to a
more convenient fractional form ranging from 0 to 1 by moving the binary
point to the first bit position.

*The procedure for generation of the random normal variate is summarized
according to the programming development provided by the H. S. Gelman Co.
Limited, Toronto, Canada.
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The transformation from the uniform random variates to standard-
ized ( a - 1,M= 0) normal variates is governed by the relationship,

r X- 1-2- e'(2) dt. (3.4.3)

Since the closed analytic form of the inverse of this relationship is
unknown, a table look-up and interpolation procedure is used to find the
normal variates, XRN, from the generated uniform variates, r.

3.4.3 1(0CARO PROGRAM SPECIFICATION SUMM4ARY

a. System Input

OBLOC FIRSTRN COFLAG

SGBLOC MCFIRST KMAX

CCARD

b. Associated Input Cards

M CARD

MOCARO CONTROL

c. System Output

COBLOC VELNO

d'. System Common Subroutines

COBPCK PAGECON INITCOB

GLOP PANT COBGET I

INITOBS REDN HEAD

IGOBPCK SIGGET INITSIG

NODN REDNI SFXINT

OBSGET EXEND CARDER
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e. Philco Subroutines

(None)

L 3.4.4 HOCARO SCHEMATIC COMPUTATIONAL SEQUENCE

The Monte Carlo flow diagrams are presented in Figure 3-10.

[
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3.5 DIFFERENTIAL CORRECTION '- SGPDC

The purpose of the differential correction program is to de-
termine the sets of orbital elements which individually best represent,
in a least squares sense, the corresponding sets of acceptable input
observations. This routine is based on the theory of motion in the
two-body problem with the optional provision of including the effects
of the secular perturbations on the orbital elements produced by the
equatorial bulge of the earth and air drag.

The basic computational sequence in the routine consists of:

(1) the computation of theoretical observations (either
with or without perturbations) at the same time
points as the input observations on the basis of a
preliminary set of input orbital elements.

(2) the formation of observation residuals (observed minus
computed).

(3) the comparison of the magnitude of the residuals with
maximum values beyond which all residuals are rejected.

(4) formation of linear correction equations containing the
residuals and the element corrections (either with or
without perturbations).

(5) solution of the least squares matrix of the correction
equations for the corrections to the elements.

Following this sequence of computations, the new set of elements
are obtained by applying the corresponding corrections to the old set of
elements and repeating the above process until the RMS value of the last
residuals converge to a desired magnitude considered as acceptable.

The formation of the correction equations is accomplished by use
of analytical differential correction formulas. The orbital elements em-
ployed in these expressions are:

a e P, a vector with magnitude of eccentricity, e,
directed towards perigee

n, the mean motion [
U 0 M + W, the mean argument of latitude at arbitrary epoch,

to, of mean anomaly, M0 , and argument of perigee, a
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U
= the nodal longitude

[ i - orbit inclination

€"- the drag parameter defined by the equation

UdL o
dL t) (t - t0)+n 0 c" (t - to)

where L is the mean longitude.

SThe adoption of 11 and i to prescribe the orbit plane orientation
and Uo to denote the initialposition at epoch, necessarily restricts the
application of the differential correction routine to nonequatorial orbits.
The conversion of the input element set to the above form is accomplished
within the program.

f 3.5.1 SGPDC INPUT-OUTPUT DATA

a. Numerical Input

The input observational data accepted by the program may be any
combination of the following types:

Topocentric right ascension, M, and declination, 6 , or azimuth,
A, and elevation angle, h.

Slant range, p.

Slant range rate,4

1 Included with the above observations are the identification number of the
observation type, the associated station, and the time of observation.

C The source of the above observational data is output from the Monte Carlo
Error Generator stored in the computer in the contaminated observation
block (COBLOC).

The input station coordinates are contained in SBLOC.

The input set of orbital elements are the NtM type.

axN - £cos Ai component of a along the nodal line.

ayN - lain w, component of a perpendicular to the
nodal line
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h ) j- W, thie orbital angular momentum vector.

L - Mo + w + , the mean longitude of the satellite at epoch.

0 0

C0 - the drag parameter defined by the , ttw I o,,:

t - t + P (N - No) + C (N- No)2 where N is the

satellite epoch.

t - time of satellite epoch.

This input element set is stored in the element block (QBLOC).

b. Program Control Inpvut Data

(1) Perturbation option.

(2) Number of element correction iterations ,veicride. :1

(3) Specific elements to be corrected override.

(4) Residual root-mean-square factor override.

(5) First absolute maximum range and angle residual
override.

(6) Second absolute maximum range and angle residual

override.

(7) Absolute maximum range rate residual override.

(8) Residual root.-wean-square convergence criterion -I
override.

(9) Option to print out variant classical elements and
classical delta elements.

(10) Option to print out variant epoch position and velocity 11
and epoch delta position and velocity.

(11) Option to punch out variant classical elements.

(12) Option to punch out variant epoch position and
velocity.
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Ii
(13) Option to print residual RMS and number of

observations used and rejected.

(14) Option to print last iteration residuals.

The above data are inputs to the program via the SGPDC Control card.

c. Output Data

I. (1) Variant b elements (VEBLOC).

(2) Classical delta elements (DEBLOC).

(3) Optional output data are listed above (Items 9 through 14)
under Program Control Data.

3.5.2 SGPDC FORMULATION

The following formulation is intended to serve as description of
the fundamental computations in the program and their relation to the pro-
gram objective, and is not illustrative of the actual computational sequence.
The program information flow diagrams (Figures 3-11 through 3-14) describe
the details of the complete computational sequence.

a. Preliminary Calculations

This part of the program calculates "observations" of the orbit
specified by the input set of elements (or subsequently corrected elements)
made from the sensor station. Given the station coordinates of latitude,,
east longitude,X e , and height above sea level, H, and Greenwich sidereal
time, eto, at satellite epoch, to, the following procedure computes the1observations and the direction cosines of the unit fromobevtos n h iecincsnsfteui vector,Lfo
the station to the satellite for time, t, relative to satellite epoch.

Compute local sidereal time,e at time, t,

e - x + e + (0.0043752691)t, (Mod 2 Tr) (3.5.1)

to
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Compute the station vector, R,

Y -y sine 
(3.5.2)

Z -Yc

where the x , y quantities are obtained from (SBLOC) previously stored

with the appropriate Station ID.

Compute the slant range,p C

pc r + R, (3.5.3)

2 2x

PC" /2+py+ Pz 2 (3.5.4)

P yy + (3.5.5)
P z -z+ Z,p

where x, y, z are components of r obtained from the MNREP subroutine by
means of the input elements and the time, t.

Compute unit vector from the station to the satellite in the
equatorial coordinate system.

•L Px
xC PC

L PC (3.5.6) -1

yc Pc

I

Compute range rate, kc' i
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FX - -Y ,0'-0.058,834,47

i 0
c "- + ,(3.5.8)

c = -& - L (k + X) + L y(' + ti) + Lzi, (3.5.9)

"where x, y, i are components of i, obtained from the MNREP subroutine.

b. Residuals

The observation residuals are given by the following expressions.
The nonsubscripted symbols denote the input observational quantities, and
the subscript c denotes the above computed observational quantities.

If range p, is observed, the residual is:

e p , - PC (3.5.10)

If azimuth A, and elevation h, are observed, the residuals are,

respectively.

R2(J c L c) and, (3.5.11)

R3  p (L - Lc), (3.5.12)

where

- S+A E+A Z , (3.5.13)
xh h z

_ - DxhS + E + Dzh. and (3.5.14)

SL L- + Ly + Lh (35.5h yh- zh-

L _ginL + Lh E+L Z . (3..5.135)
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The S. E, Z unit vector syste and the horizon orientod Rh , unit
vector system are defined by:

ix a::i 0coo 9
S S sinsin e (3.5.16)

S - -O coo

x

E_ E wcog 0 (3.5.17)

EZ 0

Z coso coso

Ixh

Z IZ =coos0sin 19 (3.5.18)

-, sin•

L xh - - cos A coo h

L Lyh sin A cos h (3.5.19)

Lzh ,sin h

sA - cog A (3.5.20)

h 0 , and
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E h cos A sin h

Rh yh{Yh -sin A sin h (3.5.21)

D hacos h.

re right ascension a, and declination 6, are observed, the

-p A= Q-Lo (3.5.22)

4A c -snc

R ~cos a c (3.5.23)

I =here

rD - sin 6 cos a

Dy - sin a sin 6 (3.4.25)

D -- cos 6, and

L cos 6 cos

L - cos 6 sin a (3.5.26)

L sin 6.

If range rite j, is observed,

R 6 =PcAk• h " c) PC (3.5.27)
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c. Residual Reiection Test

After forming a set of residuals corresponding to a set of ob-
servations, the magnitudes of the angle and range residuals are compared
with an absolute maximum value of 1000 km and the range rate residual is
compared with an absolute maximum value of 0.5 km/sec. All residuals ex-
ceeding these absolute limits are rejected from the current iteration.
Following the above first residual rejection test, a second similar re-
sidual rejection test is performed with a new maximum value equal to 1.5 x
(RMS value of the previously accepted residuals'. The remaining number of
residuals are used in the correction Equation (3.5.28). However, upon
completion of the calculation of the new set of corrected elements, the
absolute maximum value of the first rejection test is subject to a change i
from 1000 km to 75 km if the new RMS value of the residuals is less than
50 km.

d. Correction Equations

This part of the program relates the residuals in the observa-
tions at time, t, to the corrections to be applied to the initial orbital
parameters at epoch, to. The procedure allows for the calculation of
the improved set of orbital elements and quantities associated with the
station coordinates at the observation time. The procedure permits the
combination of these quantities to obtain coefficients of linear relation-
ships relating residuals to any combination of corrections, 4 2, Aaxn,

n
Aayna AU, &I, Ai,Ac". Finally, the corrections to be applied to the
elements are determined by solving the (usually over-determined) system of
linear correction equations.

The correction equations have the form:

An
0n 0 a axNo (0 ayN) AayNo

(3.5.28)

+ 6U) AUo + iC4 , + (i i ++ (chs AcI.

where the form of the coefficients, Ci, depend on the observation type in
residual, Ri, and time of observation. These coefficients which have been
developed by means of first order partials are functions of the orbit le-
ments and computed observations.

The coefficients are computed by first establishing the R and V
coefficients at time t:
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L 2
R a(I-) e sin Eu r

RN (a2/r) [a-- sin

R
R- (2 -) (U-U)

U n (U - U0) Uu

j2 
((1 +L) sin (E+w)

aN esn E a .

+ esi Ee 2(1 + e1  2 )ecsE]- ayx J- - + F -2 (3.5.30)

U 2 -(l + ) cos (E+L)

yN . ~ a'

Ii+ ay e sin E e2_(1 +*Vl e e cos E] a+

2U
n-- (u-Uo)"

SThe quantities, r, a, axN, ayN, e, n, U, e cos E, e sin E, sin (E +w),

and cos (E + W) are obtained from MNREP subroutine.
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When the slant range is observed, the residual and coefficients
of Equation (3.5.28) are given by the expressions:

R - R (3.5.31)

C a-L UR +-L V U (3.5.32)
4n -c -n -c - n

n

M~axN a-L . U RxN +_L • V UxN (3.5.33)

CoayN -_L . U RyN +_L • V UyN (3.5.34)

CAu --L " U Ru + L • V Uu (3.5.35)

C . _V r cos i - L • _W r sin i cos u (3.5.36)

C = L W r sin u (3.5.37)

CAt" =--L " U Rc + L _V Uc (3.5.38)

where R1 is given by Equation (3.5.10), Lc is given by Equation (3.5.6), and
the quantities U, V, W, sin u, and cos u are again obtained by the MNREP sub-
routine.

When azimuth A is observed then R - R2 as given by Equation (3.5.11),
and the coefficients are obtained by replacing Lc, in Equations (3.5.32)
through (3.5.38), byI Equation (3.5.13). Along with azimuth, elevoi ion
h is always observed, and in this case, R = R3 as given by Equation (J.5.12),
and the corresponding coefficients are obtained by replacing Lc in Equation
(3.5.32) through (3.5.38) with b Equation(3.5.14).

If right ascension 0t is observed then R = R4 as given by Equation
(3.5.22), and the corresponding coefficients are obtained by replacing L~c
with A Equation(3.5.24). Along with right ascension, declination 6is al-
ways observed and in this case, R - R5 , as given by Equation (3.5.23),
and the corresponding coefficients are obtained by replacing Lc with D

Equation (3.5.25).
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[I
If range rate, A, is observed, the preliminary coefficients are

[i computed from:

5_

2 2
u - (e cos E- e)

1- */3+ (U-Uo) i

[nS2fn 0u - uo

Rc -s (U- U

u 3

r

un - +(u-Uo)Uu

n- 3i o +

Un 3 - c os (E+W ) - aXN (3.5.40)

c n n•- U 0
ni -3 5

Se co (
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then form the coefficients:

r L
+L V + (3-- 4

+LC "V pc( n + i- Un) " *cUn ] c. u._ n (..I

-L U Pc (RN' U)Pc RyN -'c

+L c v [Pc (Uy1+-r + x c Uy-] + Ux (3.5.4•)

ca L U-L [p (R, - u)-,cq p R+•'•+L *t NU,~ ~ - l c y N](3.5.42)

+ L - V p (u + i- u""-C [P u rUu 'c u+• & vUuu

CA "c -cP L U r cos i +_L V cos i P "pc r

- 1 yCy YN -y

+jc "V r cos i + L •W sn i P (r sin u -- cos u)

+~ r cos U]- Wr sin i3cos8u (3.5.45)
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CA L C . [PC (r -. cosu +fsin u)kc r sin u]+I *Wjr sin u

(3.5.46)

"C1 C PC- C -- C

+L V [P ýU + t U -CUc +c' V Uc (3.5.47)

-C -c c r c

I where R6, given by Equation (3.5.27), is the corresponding residual for

the above coefficients. The correction equation is formed as an Equation

Considering all of the correction Equations (3.5.28) let:

N

represent all such equations where: CiL's are the coefficients, Rijes are

the accepted observation residuals,A i's are the corrections to the

orbital elements, and N is the number of elements to be corrected and j

'I is the number of accepted observation residuals. The resulting matrix
equation is solved to give the corrections, , go, in a least square
sense, to the orbital elements at time, t. hese corrections are

•I applied as follows (primes denote corrected elements):

An[ý - n 0 + n ) (3.5.48)
10

[(c")' I c" +Ac" 2 (3.5.49)

2 . ( (-') (3.5.50)

0

U' -U +AU (3.5.51)

10 0 0
a' -a aa (3.5.52)

1 xNo xNo xN
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a' a + ta (3.5.53)yNo ayNo yN

I' -Q + + (3.5.54)
o 0

i' -i +Ai (3.5.55)o 0

L' - U' +i', if W' - cosi' > 00 0 0 Z-

(3.5.56)

L' - U' -SI, if W' -cosi' < 00 0 0 Z

Following the above calculation of the corrected elements, a
representation of the observations is performed on the basis of the cor-
rected elements, and another set of residuals are formed by using the same
input observations. The RMS values of the last two sets of consecutive
residuals are compared to insure convergence of the computational process.
The process is complete when the residual RMS converges to the minimum
value considered as acceptable.

3.5.3 SGPDC PROGRAM SPECIFICATION SUMMARY

a. System Input

COBLOC DCCCP1 DCCCP5 DCCCP9

DCCCP2 DCCCP6 DIVUNT

EBIOC DCCCP3 DCCCP7 DCFIRST

SBLOC DCCCP4 DCCCP8 CCARD

LPOBLOC

KCOUNT

b. Associated Input Cards

E CARD

S CARD

SGPDC CONTROL
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[i
C. System Output Data

VEBLOC DIVCNT CCARD

DEBLOC KCOUNT DCFIRST

d. System Common Subroutine

ARCTAN IELMPCK PAGECON LSQ

ELOUTB IDELPCK PANT LSQR

COBSGET INITCOB SENGET LSQS

I DELPCK MNREP CHGNXN

EUNPCK NXJOB SXSRCH

ELMPCK EXEND CARDER

GLOP ELOUT A SETJCI
e. Philco Subroutines

FSIN FASIN FLOG2X

FCOS FSQRT F2X

FMAIN FMAMU

3.5.4 SGPDC SCHEMATIC COMPUTATIONAL SEQUENCE

SGPDC operations are expanded in Figures 3-11 through 3-14 to

show the detailed processes. All the major computations given in the
formulation are indicated where applicable in the diagrams, and any

I additional computations are shown as needed.

The following glossary serves as a centralized source for the[" definition of storage assignments used in the diagrams:
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ABSMAX Absolute maximum of range and angle residuals
override compiled as 1000 km.

ABSMAX1 Second absolute maximum of range and angle residuals
override, compiled as 75 km.

ABSMAX2 Absolute maximum of range rate residuals override,
compiled as 0.5 km/sec.

ABSMAX3 Second absolute maximum of range and angle RMS
residuals test, compiled as 50 km.

ACCCNT Accumulated number of good residuals.

CONTEST Maximum value acceptable for convergence compiled
as 0.05 percent.

DCCCP1 Elements to be corrected override as specified
on SGPDC control card.

COUNTL Number of elements to be corrected as found in
the current KNTRL.

DIVFL Divergence flag, indicates if new element set
has lead to a larger residual RMS than the
previous element set.

KNTRL Indicates which elements are to be corrected as
specified by KTABLE or DCCCP 1.

KTABLE Compiled specification of element sets to be
corrected in given sequence.

OLDSUM Next to last converging RMS residual value.

ORRMS Last converging RMS residual value.

RCNT Number of good range and angle type residuals.

RCNT 2 Number of good range rate residuals.

REJCNT Number of rejected residuals.
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MECNOno NO

SET BITS

47 INE

CTABLE
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COEFFlA

COEF1 RHSB YES
MNREPO FP EROGPETA COMPUTE

OOEFF2C COMPUTE RESREJ1 OBS LUA

NO ~NO14

COEFF2D COEFF2C

CLEAR COMPUTE: A, 2 , Ru,,.,o, R
MNREP RESIDUALS & r u onOMUT RHOSB COMXPX

REJECRIONUraR R R (COMPUTE (COMPUTECREJECTION xn , Ry, Uu, Un P) LU

Uxn , yn

COEFF 2A

DOT PR CMPCF D\\
(COMPUTE Lc (COMPUTE RESIDUAL YSANGLES YES COMDEL
U , Lc COEFFICIENTS RESREJ1 ACCEPTED? LSQR OBS? (COMPUTE

- L-• & Ap L)

NO NO

2

SET
REJECTION

FLAG

COEFF2I

cMPC

COMPUTE (COMPUTE RESIDUAL YES DOT PR Comp

- -- ACCEPED? D LQ

A AL COEFFICIENTS RESREJ1 CCPTD LSQR (D - Q', D*
& *V, D W)

OR~ NO

FGR3-

2 RiE JECT IO

4~~~~~~FGR RAE(L-14 CRD RERJ



IA 2
,s COMPUTE] COMPUTE RESRE * COMPUTE

!Lo L, 6 L 6AAOR A-e ESEJ Ahor A6

NO COEFFIB

RESE~i RANGE NO
RESREJI RATE EXIT

OBS?

S mlXYES 
YES

PUTE (COMPUTE R RDTSB

L) Lc OBS? (COMPUTE

NO 
P

COEFF2A

ANGLES YE CONDEL .DOT PR (APTERSRJ

OBS? (COMPUTE 3, A6b
A L) AW

NO

2

COEFF2I

DOTPRCOMPUTE COMPYES

DOT P-R4 C PUT (COMPUTE RESIDUAL LSQR(U U, R D ALCOEFFICIENTS & EREi ACCEPTED
.VD.W AhORA'5)

NO

SET

jFLAG--~

LSQR

FIGURE 3-14. SGPDC (Continued) 36
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I-
RPT Number of iterations per element correction[l specification.

SUM Sum of squares of good range and angle

residuals.

MAX Current maximum value of acceptable range and

angle residual RMS.

[ MAX 2 Current maximum value of acceptable range

rate residual RMS.
I-
L XISTSG RMS multiplication factor.

XJGRCF Perturbation control.

ALREC Computes A, D and L from right ascension and
declination observations.

AZREC Computes A, D and L from azimuth and elevation
observations.

CCIN Tests the overrides input on the SGPDC control
card and initializes the DC accordingly. CCIN
uses SETJC to initialize perturbations.

CELMSB Converts ., M elements to classical and stores
them in CEBLOC (element type A and B only).
The following formulas are used:

2 +h 2 2SP-h +h +hSo x° yo zo
0 0 0

h

"=0
0

i = tan
0 W,

z

S tan- 0
0 W

Yo
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2 2 2
e 0 axN + ao yNo

p
0a -

o 1 -e 2

a

W tan 0N
o axN

0 -if Wz > 0, direct

M L motion
0 0 0 0 + if Wz < 0, retrograde

motion
C 5 Co a

CMPCF Computes coefficients C• (of Equation 3.5.28).
for range and angle observations.

COMDEL Computes AL, AL - L - L with L from Equation
3.5.14 or 3.5.26.

COMRHS Computes RMS of acceptable observations. 1
COMXLX Computes Lj, Equation 3.5.6.

CORRD Computes coefficients C1 (Equation 3.5.28) for
range rate observations.

CREKT Computes the corrected elements (Equation 3.5.48).

DELTAU Computes geocentric angle between observed and
computed satellite position vector, AU.

Au atan- [(U x r .s WJ

DOTPR Computes vectot dot prpducts of U, V and W with
any of L, A, A, D or D.

3-68

iU



I

SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT,

GENDEL Generates delta classical elements according to the[following formulas:

ao
1 yN

- tan- " 0
0 a0xN

S1~ if W ;>0M' L' $ w' 0 z'
0 0 0 0 1 if W < 0

::a° - o -a

6 - il; -o o 0

-l I) -S1

0 0 0'

Am0 M, MII t[ o o o
A~M UM' -M

o o 0

Lc - c' c C
0 0 0

Note: Prime indicates variant element set.
All 6 angles are mod 27T.
If the corresponding element has no
correction specified, the delta element
is set - 0.

MOVDATI Retrieves one processed observation from POBLOC. '
MOVDATI has a special return for end of
observations.

OBVEC Computese, X, Y.

OBVECP Moves station number, observation type, time
"L since epoch, and X, Y, Z into POBLOC.

OBVECQ Moves A or W, D or • and L into POBLOC.
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PUNCHTA Punches Type A variant element cards .1 and 2.
(See card formats).

PUNCHTB Uses common subroutine MNREP to compute r, f
elements at epoch and punches Type B variant
element cards 1 and 2. (See card formats).

RDTSB ComputesPc, PC* Equations 3.5.8 and 3.5.9. j
RESREJi Rejects range and angle observation if residual

is greater than MAX and accumulates a count of
acceptable and unacceptable observations; also,
computes the sum of squares of acceptable
residuals.

RESREJ2 Same as RESREJ1 except rejects range rate
observation greater than MAX2.

RESTELT Restores an element set from the SVELT buffer. "
(See SAVELT for contents).

RMOSS Computes P c Equation 3.5.3.1

RRATE Computes R, Equation 3.5.7.

SAVELT Saves a corrected element set in SVELT buffer.
This includes the following: a xN° ayNo' h X

0 0 0

h ,h , Lo, c, rms for range and angles,
y z 0 0 0
0 0O

rms for range rate, n, AaxN• Aa yN, AU,

Ail,Ai, Ac", number of acceptable residuals,
number of residuals rejected, number of elements
corrected.

* •. SRESOUT Uses program subroutine CO4RMS to compute the JI
RMS's and outputs them in addition to the count
of the residuals accepted and rejected. ;!

SRSOUTI Performs the following:

(1) Computes vector magnitude

(2) Computes robs
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(3) Uses DELTAU (program subroutine) to
compute Au.

(4) Computes: U U +6u , At =r

S. sin- -obs )r obs

(5) Outputs: Station ID, time residuals, rejection[ flags, vector magnitude, At, U, I.

TARITE Uses common subroutine ELOUTA to print classical
1- elements in EBUF.

TASET Saves classical elements: ao, eo, io, Qo0'C 0 Mo t

II c, t in EBUF for output.

TBRITE Uses ELOUTB to print r, f elements in EBUF and
prints Ar, At elements in EBUFD.

TBSET Uses common subroutine MNREP to compute r, t at
epoch and saves the following in EBUF: x, y, z, x,
y, z, C , t . Also computes Ar, AtL elements
and saves teem in EBUFD.

ZDCOUT Outputs counents indicating perturbation type

used in SGPDC.
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3.6 ELEMENT DISTRIBUTION - DCDIST

Statistical processing of the delta elements generated by the
Differential Correction Program Unit is the function of the DCDIST Program
Unit. The delta elements generated by SGPDC are the differences between
the variant element sets and the reference element set. These differences
represent, within the sensor error model chosen, errors in the determina-
tion of orbital elements.

3.6.1 DCDIST INPUT-OUTPUT DATA

The input data, DEBLOC, consist of K sets of the quantities,

Aa, Ae, Ai,&Q Aw , Am0, and possibly AC .

The DCDIST control parameters, input via the SPGDC control card, consist
of:

DCNS The number of samplea of an element error
used to compute the mean and standard
deviation error.

DCI The number of cells in each element frequency
distribution.

.1
DCSL The number of standard deviations below the

mean at the first cell of the element frequency
distributions.

DCS2 The number of standard deviations above the
mean at the last cell of the element frequency 1
distributions.

DCCCPI Control parameter from SGPDC indicating which
elements have simulated errors.

DCCCP3 Control parameter from SGPDC indicating
perturbation analysis option.

DCCCPIO Classical element distribution suppression.
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The output feom DCDIST routine contains a,printed listing of thejj following statistical data:

Identification of error quantity

SMean
Standard deviation

[I Minimum error, MIN

Ii Maximum error, MAX

Summation of DCNS errors

I Summation of the square of DCNS errors

DCNS

Total number of errors, N

I "DCS1

DCS2

[I Frequency distribution

Lower limit of the frequency distribution

Cell width of the frequency distribution

3.6.2 DCDIST FORMULATION

The presentation of the computations in the DC61ST Unit is
[I given under Common Subroutine, STOB.

I3.6.3 DCDIST PROGRAM SPECIFICATION SUMMARY
a. System Input

I DEBLOC DCI DCCCP1

DCS1 DCNS DCCCP3

S1SDCS2 DECOUNT DCCCPl1
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b. Associated Input Cards

SPGDC CONTROL i
MOCARO CONTROL I

c. System Output

For each of the element errors, Aa, Ae, Ai, A A w, AMo, ACo, I
the following output is produced:

MU MAX Freq Dist Lower Limit

SIGMA Sum of Freq Dist Cell Width
Errors

MIN Sum of Freq Dist
Squared
Errors

d. System Coumon Subroutines I

STOB SPOUT1

EXEND PANT

e. Philco Subroutines i

(None) ",

3.6.4 DCDIST SCHEMATIC COMPUTATIONAL SEQUENCE

Figure 3-15 displays the information processing for DCDIST
using the STOB subroutine. Details of the STOB routine are available
in the subroutine sedtion.
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DC DIST SUPPESS NO SET UP FOR DELR A ODD PROCESS ALL SIT UP DEBLOC
ERROR ELEN TEST DCCCP3 7 DELTA RETRIEVAL

RECOVERY SETS-* TN ELEMENTS INTERVAL

YES DCD1 EVWN

PROCESS 6 DELTA

EXEND ELEMENTS
(NO CO)

DCD4

MOVE NAME OF
OUTPUT RESTORE El

NS TN ROUTINE STOB RECOVER
TO STOB CELLS

(SPU 1)

DCD3

IF NS3>.TN,
SREPLACE

FIGUR 3-15.1



DCD5

PROCESS ALL SIT UP DEILOC TEST WHC o PRCSSTIM m TO

7 7DELTA RETRIEVAL DITA IISPECIFIED PAlRAIETRS TO

DLNIT INTERVAL TO PROCSS BYD0 ~ OK AL

DCD6 - 0

SET UP TO
PROCESS ALL

F RESTORE ERROR

STOB RECOVERY hIND
CELLS

PIUE3-15. DCDIST 3-75, 3-76
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[ 3.7 ERR(R PREDICTION - ERP

The purpose of the Error Prediction Program Unit is to compute
the errors in position and velocity at specified points due to variations
in the orbit elements established iti the MOCARO-SGPDC loop. The unit
is functionally connected to the Prediction Distribution Program Unit and
the two units are referred to in the executive logic as ERPRED. This
functional connection is necessary because of the, quadrant, or segment,
predictionlanalysis specification for the system. In response to this
system function, the two units were designed to provide compatible inter-
faces and thus act as two large subroutines under the control of an
executive driver,: Hiowever, for logical presentation of the system components,

Sthese two units are discussed separately.

Sevezal modes of operation are availablelfor the Error Prediction
Program Unit. These likewise apply to the combined ERPRED function. The
modes of operation are:

(1) Specification of points for evaluation of errors, desianated
by Casetvoe. an intersr from 0 to 3.

(a) C.setype - 0: The prediction points are equallyIi •spaced in mean anomaly, M, and are referenced to
the first perigee passage after epoch. P. - initial M,
AP - AM, and P - final N. Note: If the eccentricity
is too small, then these datatare automatically asaum-ed to be U data, mean latitude and a printout is made
indicating this.

I- (b) Casetype a 2: There are N equally spaced points in
each of the four quadrants of mean anomaly, M,
following the time of the last observation. Pi = N.
(OP and Pf not used).

(c) Casetype - 3: The prediction points are equallyii spaced in time referenced to epoch. Pi - initial
time, P =At, Pf • final time.

1i (2) Specification of form of output

(a) If OTPFLAG - 0, then the position and'velocity errors

are referenced to the x, y, z, coordinate system.
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(b) If OTPFLAG 0 0, then the position and velocity errors
are referenced to the U, V, W coordinate system.

(3) Specification of Method of Computation
ii

(a) If APMLA - 0, then the errors are computed by
representing the variant orbits using M WUP and sub-
tracting the reference orbit position and velocity.
In this mode, the perturbation control on H)iUP is
that assigned to the system in initialization.

(b) If APMFLIA - 1, then the errors are computed usin$g
IMIREP with perturbations, overriding the system
control.

(c) If APMFLAC - 2, then the errors are computed using
MNRZP without perturbations, overriding the system
control.

(d) If APMFLAG a 3, then the errors are computed by mul-
tiplying the errors in the element set by a matrix of T1
partial derivatives (Linear Taylor's expansion).

3.7.1 E.P INPUT-OUTPUT DATA

The input system and control data include:

(1) Operatins Mode Indicators

CASETYP

APNFLAG

OTPFLAG

(2) Prediction Points
pip AP, P f

Number of variant element sets - k i
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(3) Reference Element Set

L , a , hx , h t (EPOCH), Ca~oyNo o hy'0o
0 AN, x Y Z 0 0

1 (4) Variant Element Sets

DEBLOC (4 a £ P ej, Aii , j, ,mj, ACojM

VEBLOC (Loj, a xNoj a yoj h hoj h , ht "9j

The reference element set, delta element sets, and v~riant
element sets are evailable ftom stored data blocks, EBLOC, DEBLOC,and
VEBLOC, respectively. The remaining input data enter the routine via
the error prediction card.

The output data are contained in DPVBLOC and consist of either
delta position and velocity in equatorial coordinates

Ax, Ay, 2, A, A, ,• ,1 _, A r A

I- or orbital 'coordinates

I , DDD, D D , D, _ , r

"3.7.2 ERP FORMULATION

(LI) Compute e
0

a 2 2 2 (3.7.1)

0 ayN0 (3.7.1)l0

(2) Compute w and 0

0Su•_ a .n-i (3.7.2)

*In expressions using the arctan, the quadrant is determined by in-

spection of the numerator and denominator.
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h

t tan'1  -h (3.7.3)0 - h

Yo

(3), Computeol
0

h

YO

-I ._.9._(3.7.4).
fo " tan -ho

0/

(4) Compute tL, At, t f from P I (N is stored Ln PL)

SOBF 0 time of last observation

ti a tOBF - to (3.7.5)

p h 2 + h 2 + h 2 (3.7.6)Po ho Yo ao

a 0 po/ (1 - eo ) (3.7.7)
o 7ra 32 (7

At *2 P ik a 1A

tf - 2703 + tOEF -to (3.7.9)

(5) Initial Quadratic Coefficients for U (a, b, and c): 3
k~4

n " a 3/2 (3.7.10)

0
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L
(a) If XJGRCF - 0 (no perturbations), then

a 0

[I b n0

c a Ih z0 0

(b) If XJGRCF 0 0 (perturbations), then

co = 360n 2c

27r

L1 Ja a2

Po 7/2

O0

to - n + k J [1 + Li a 2 0 -27 a

- n 0  o o 0 4

h

c o L - hz Po

* (6) Initial Quadratic Coeffilciente for M (a, b, and c):

(a) If XJ7GCF - 0 (no perturbations), then

a-O

I buna 0
ton
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hz

c L - P1 ,( -W 0 f nli

(b) If XJGRCF #O(perturbatione), then

360n 2 2
C's " - OS'

2 4 Ja 7r2

7/2

hh2
a -C" [ + 2kJVe (1-e) l+2 tz- 5 z

b( k' / 3b ["no PO

h

0 ~ z 0
c-L° "Pi "•oW-a'j 'l-

" 01

(7) Solve quadratic equation for t :

(a) If 14acI. 6, theniI
b 2 2

2 (3.7.11)tn""2a )2
(b) If I4acii -628 then

t S. (1 + M) (3.7.12)

b
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(c) If (1 - 4a). 0 then
Sb2

b
n 2a (3.7.13)

Print: NEGATIVE RADICAND EQUALS - .rrr ± ee[ Continue proceaming

SP(8) Compute Partial Derivative Matrix [PiJ], where

pml

L P12 a RxN

P13 " yN11 R
-- a

P14 a a

P21 " Vm

p v.P22 -xN

P23 - yN

V

Ii •5-°0
L P26
[iP2 6 a r coo iL

SP31 " P32 " P33 P34 0

P35 - r sin u

i3
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p36 -r sin icos u

41 m m

P4 2  RxN " •VxN

P4 3 "R 1 -yN •VyN

P44 " (Ra " • a) /a

P4 5 ' 0

P46 " - r coo i
* *.

p51 *Vm

p V
P5 2  VXN r XN

P53 "Vy + r yN

(V 4- /a
P54" a + r a )/

P5 5  0]

P56 Cos i 11
P61 uP 6 2 - p63 - p 64 . 0

P r - coo u + f sin u j
P6 6 " (r 4 sin u - * coo u) sin i

from: The auxiliary quantities in the PiJ elements are obtained
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2

m r sin E (3.7.14)

S• -r- (U -u (3.7.15)

iU 2RxN ' [a, xN- cos (E +w)] (3.7.16)

SRyN 2 "- [a sin (E +w) (3.7.17)

v = r L_....(3.7.18)

2 U -o) v (3.7.19)
Va 2 02

SVyN - + - I ) sin (E +w ) (3.7.20)

+a esin E

1.2
__ [ (1 +1ý) Cos (H 4-w) (3.7.21)

+ ca N e -si E (i + F'2)jco 2

[ a

Rm -a512 (e coo E e2) / 3 (3.7.22)
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1. 3"R r " 2 (U - Uo 0)R (3.7.23)

a/2 2

RxN =.a5/2 [sin (E + ) - xNe sin E - ayN] /r 3  (3.7.24)

5/2 3R = a5/2 f-cos (E + c) - a e sin E a /r (3.7.25)
RyN yN N

V =ia5/ 2 a 1-e2 e sin E /r 3  (3.7.26)

Va r (U - Uo) Vm (3.7.27)

r 
21Vx a5/2 e2 cos (E+oc) - a (1+ i. /r3 (3.7.28)

V Nx apj

21
Vy a Fie2  (E=) - ( 1+

ysi a N ap (..9

The parameters which are used in the above expressions are available from
the MNREP subroutine.

(9) Compute U, V, W errors using Partial Matrix:

D AU (3.7.30)u 0

D v A a xN

Dw A ay

D Aa

D

w
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(10) Convert U, V, W errors to x, y, z errors:

6 x D U + D X V X+ D W X

AyDU +D V +D WI uy v y w y
Az D U + D V + D W

U Z V Z W Z
(3.7.31)

Ak D U + D V + D WU X V X W XtIz.D u +D v +-D w1. u y v y w y

A i Du Uz + Dv V w Wz

1 (11) Convert x, y, z errors to U, V, W errors:

D -Ax U +Av U +Az U•u x y z

I D =Ax V +Ay V +A zV
v x y z

SD UL•xW +AyW +AlzW (..2D w w\* Wx +A y wz (3.7•32)
D- =Ak Ux+ - +A

D *Ax V +A V +-A•Vv x y zSD V=A* VW + VW +AL

w x y z

(12) Compute JA L- , I

IALI .=Ax2 + Ay2 + Az2 (3.7.33)

lAil _ [Aj2 + 62 + Aj
2 11/2
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or r~u 211/
orI- LDu2 + D 2 + D 

(3.7.35)

Ia - + Dv2 ]1/2 (3.7.36)

Those equations are used for which the data are available.

3.7.3 ERP PROGRAM SPECIFICATION SUMMARY

(a) System Input

EBLOC DPVFLG LDPBLOC

DEBLOC CAPPI PERT

VEBLOC DELCAPP LDEBLOC

CASETYP CAPPF LVEBLOC

OTPFLG CCARD VECOUNT

APMFLG ERPOPT LOCOBS

(b) Associated Input Cards

ELEMENT

ERPRED CONTROL

(c) System Output

DPVBLOC

EPCOUNT

CCARD

STPSTB
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(d) System Common Subroutines

ARCTAN GLOP PAGECON INITELM

DELGET IELMGET PANT SETJC

ELMGET INITDEL EXEND SXSRCH

EUNPCK MNREP NXJOB CARDER

(e) Philco Subroutines

FSQRT

3.7.4 ERP SCHEMATIC COMPUTATIONAL SEQUENCE

The Error Prediction diagram showing the program logic is
presented in Figure 3-16. A glossary of the main internal subroutines used
in the diagram is given below for reference:

MATRIX Computes the coefficients of the matrix (Step 8).

XMATRX Solves Equation 3.7.30.

DU2DX Converts Du, Dv, D errors to Lx, Ly, Lz using
w

Equations 3.7.31.

SAVDE Computes I4n1 and Inul using Equations 3.7.33,
3.7.34 or Equations 3.7.35, 3.7.36, storing in
DPVBLOC

QUADEQ Computes t using Equations 3.7.11, 3.7.12, 3.7.13.
n

CASE2 Computes ti, At, tf (Equations 3.7.5, 3.7.8, 3.7.9).

QUADCO Computes a, b, c for Equations 3.7.11, 3.7.12, 3.7.13.

INITI Computes •° 0, ao, Po

CCMDEL Computes Aa/a, 6 0, taxN' LayN'

REPSUB Uses MNREP to compute Ax, Ay, Az, Li, Aý, Ai at time t.

The diagram in the upper portion of Figure 3-16 illustrates the
complete looping sequence of operations between ERP and ERPDIST. This
represents the ERPRED function described above.
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3.8 PREDICTION DISTRIBUTION - ERPDIST

The Prediction Distribution Program Unit, ERPDIST, performs the
statistical processing of the delta position and velocity data generated
by the ERP Program Unit. The delta position and velocity data generated
by ERP are the differences in the predicted position and velocity vectors
produced by the variant element sets and the reference element set. These
differences constitute the sets of position and velocity vector errors
arising from the simulated observational inaccuracies.

The purpose of the ERPDIST Unit is to compute at each prediction
point a statistic of each coordinate of position and velocity. The statis-
tic of the errors include the maximum, minimum, mean, standard deviation,
and at option a frequency distribution of the errors. Also, for all pre-
diction points in a quadrant (beginning at the last observation), the
statistic of each coordinate at each prediction point will be treated as
a set or error quantities, and for each of these corresponding error quan-
tities, a statistic will be computed for that quadrant of the orbit. The
process is repeated for the remaining quadrants.

3.8.1 ERPDIST INPUT-OUTPUT DATA

The statistical processing of position and velocity errors re-
quire the following input data:

(1) DPVBLOC, the k sets of delta position and velocity error
data:

Ax or D Ak or
u u

Ay or Dv A orv

Az or D Ai orDw w

These error quantities are output from the Error
Prediction Program Unit and are either in equatorial
or orbit plane coordinates respectively.

(2) ERPNS The number of samples of a position-velocity
type error used to compute the mean and
standard deviati on.
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1.
(3) QUNS The number of samples of the error quantity used

to compute the mean and standard deviation in
the quandrant and analysis.

(4) ERM The number of cells in the position-velocity
coordinate frequency distributions.

(5) ERPS1 The number of standard deviations below the
mean at the first cell of the position-velocity
coordinate frequency distribution.

(6) ERPS2 The number of standard deviations above the
mean at the last cell of the position-velocity
coordinate frequency distribution.

1 (7) OTPFIAG Control parameter from ERP defining either
equatorial or orbit plane coordinates in
DPVBLOC.

(8) CASETYP Control parameter from ERP indicating the
option to perform or exclude quadrant analysis.

(9) CAPPI Number of prediction points per quadrant of the
orbit.

(10) OPOUTI Control parameter indicating option to include or
exclude frequency distribution of position and
velocity errors in printed output.

(11) OPOUT2 Control parameter indicating option to include
or exclude punch card output.

(12) ERPDOPT Control parameter indicating whether distribu-
tions are desired.

Items other than DPVBLOC are input via the ERPRED Control
Card.

The output from ERPDIST routine consists of the following
data:

(a) Identification of error quantity

(b) Mean error
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(c) Standard deviation of error

(d) Minimum error

(e) Maximum error

(f) Time since epoch in minutes

Additional output data, optional to the ERPDIST
routine, includes:

(g) Frequency distribution of errors

(h) Punch cards containing items (a) through (f) above

3.8.2 ERPDIST FORMULATION

The presentation of the computations involved in the ERPDIST
Unit is given under Common Subroutine, STOB.

3.8.3 ERPDIST PROGRAM SPECIFICATION SUMMARY

a. System Input

DPVBLOC ERPI K OPOUT2

ERPS1 OTPFLG CASETYP ERPDOPT

ERPS2 QUNS QUI

ERPNS CAPPI OPOUTl

b. Associated Input Cards

ERPRED Control

c. System Output

For each of the position velocity errors (either equatorial or
orbit coordinates), the following output is produced:

MU MAX

SIGMA Time since epoch

MIN Frequency Dist
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d. System Common Subroutines

i STOB SPOUT2 PANT

e. Philco Subroutines

(None)

3.8.4 ERPDIST SCHEMATIC COMPUTATIONAL SEQUENCE

Ji Figure 3-17 presents the flow diagram for the ERPDIST unit.
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V

1. SECTION 4

L EXECUTIVE PROGRAM

I.- The Executive Program (EP) has two main functions to fulfill
in the system: the first, is that of processing all input data and con-
verting them to convenient formats for internal use; the second, is that
of providing linkage between the component programs in the system. In
order to minimize the size and complexity of the SEA Executive Program,
SYS (Philco 2000 Operating System) service routines and subroutines were
used whenever possible.

4.1 PROGRAM DESIGN

The SEA EP is divided into three main functional °units, one
of which contains two program units. These three units accomplish the
tasks of input processing and internal program linkage as follows:

(1) General Executive Program (EXEC)

EXEC is the main executive unit which does the
basic input processing and linkage.

(2) Special Executive Programs (INTERFN and CONTROLN)

The special executive logic necessary to control
a sequence number "N" is contained in CONTROLN
and INTERFN. CONTROLN contains input tables, pro-
gram unit table, etc., and INTERFN contains the
executive programming that is actually performed
as opposed to control cells and tables. This
additional executive control is necessary to im-
plement the special logic required for the specific
sequence operations.
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(3) Subroutines (SUBS)

SUBS contains most of the common subroutines
used by the SEA program units. SUBS contains
card reading routines, retrieval routines,
computational subroutines, and other miscel-
laneous subroutines. A list of all the sub-
routines is given in the System Subroutine
Section.

These four program units (EXEC, CONTROLN, INTERFN, and SUBS) are necessary
in all SEA sequences. Therefore, they are loaded along with the specific
program units required for each sequence.

4.2 DESCRIPTION OF GENERAL EXECUTIVE LOGIC

The flow diagram of the general logic of the Executive Program
is presented in Figures 4-1 through 4-4. In order to associate the de-
scription of the executive logic with the schematic representation, various
points in the flow diagram are designated numerically (n) and are refer-
enced in this manner in the text. After SYS has brought an SEA sequence
into core memory, control is transferred to the EP at SEASTRT (1). This
routine does all the initialization of the EP, such as clearing switches
and indicators, setting up error recoveries, initializing the output rou-
tine, and outputing headings. After accomplishing its tasks, SEASTRT
transfers control to AAA (the central input processor). AAA retrieves an
input card using INXTCON (2) and examines columns 17 to 24 and 80 of each
input card to determine its function (3), (4), (5). If it is a legal SEA
card, SYS card, or data card, AAA jumps to the correct processing routine
or subroutine (6), (7), (8). If the card is not a legal type, AAA rejects
the card with a diagnostic comment (9). Most of the card processing rou-
tines return to AAA. CONINT is the control card process (18) and always
returns to AAA. Routines that dcnot always return to AAA are SYSRET, JOB,
SEACARD and ENDDATA.

A "SYS"card or a "JOB" card will signal SEA to return to SYS.
SYSRET and JOB (20), (26) return control to SYS after it has been re-
stored (24), (25). A case ("SEA") card causes the EP to initialize for
a case. This is done in SEACARD (11). SEACARD can transfer control
to NXJOB if the case card is illegal (17) or to ENDDATA if two case cards
are found with no ENDDATA card separating them (1i), otherwise, SEACARD
returns to AAA (14), (15). An "ENDDATA" card signals SEA to run the case
just input. The ENDDATA routine checks the input received against the re-
quired input to run (Boxes 12 and 13). ENDDATA never returns to AAA. If
the case had any serious input errors, ENDDATA will transfer control to
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JOBSRCH (19) initiating a search for the next case or job. If the case
did not have serious input errors, ENDDATA will exit to EXEND (10) and1i initiate the running of the case. "PRINT" and "FLOAT" cards will execute
the PRINT or FLOAT subroutines described in the System Subroutine

Specifications.

The central routine used in sequence control is EXEND (30).

EXEND increments the program number (PROGNO) and transfers control to the
next program in sequence, using PROGTBL. Normally, programs return to
EXEND; however, if a nonrecoverable error occurs during a case run, the
program unit puts out a diagnostic conment and exits to NXJOB (27). After
putting out a coument indicating that the case was terminated, NXJOB
transfers control to JOBSRCH (28).

Normal termination of a case is executed by a jump to SEAEOJ
(29). This routine is the last entry in PROGTBL and the EXEND logic will
result in a transfer of control to SEAZOJ after completion of the last
program unit. SEAEOJ puts out a comment indicating that the case has ended
and transfers control to JOBSRCH.

JOBSRCH (28) searches the input until a SYS, JOB, or case card
is found, in which case it transfers control to SYSRET (20), JOB (26), or
AAA (2), respectively.

The SEA system will retain control until a SYS or JOB card is
intercepted, or until the operator executes a jump to cell 1, 4, or 5 from
the console in an attempt to initialize SYS or run the next job. In any
of these conditions, the HP will restore the SYS entry vectors, reset the
SYS master control switch CONBITS, and exit to the right half of cell 1
(23), 4 (24), or 5 (25). The exit taken depends on the next SYS function
desired.

4.3 DESCRIPTION OF SPECIAL EXECUTIVE LOGIC

Situations arise in any system that require special logic and
handling. Rather than incoporate these in a general EP, the SEA system
isolates these "special executive" routines in the program unit INTERFN.
These perform the logic needed during a case run to accomplish special
tasks required, such as performing a Monte Carlo-Differential Correction
loop. These are written as small sequence programs and have entries in
PROGTBL. They therefore return to EXEND. At present, the special execu-
tive routines in the SEA system and their functions are as follows:'

EXEC1AA Outputs nominal elements. Restricts sensor
data to one sensor in Type C and D elements.
EXEC1AA is the first entry in PROGTBL.
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EXECIB Initializes Differential Correction and
Monte Carlo.
Initializes MOCARO - SGPDC loop. EXEC1B
is between OBSIM and MOCARO in the PROGTBL.

EXECIC Increments counter of MOCARO - SGPDC loops
(KCOUNT) and compares it to the number of
runs requested on the case input (K). If
more loops are required, EXECIC decrements
PROGNO by 3 and exits to EXEND._ If not,
EXECIC outputs the final random number and
number of unsuccessful corrections and then
exits to EXEND without altering PROGNO.
EXECIC is between SGPDC and DCDIST in the
PROGTBL.

4.4 DESCRIPTION OF EXECUTIVE ROUTINES AND SUBROUTINES

EXEND Normal end of program return.

(EXEC) If a sequence program is executed in a normal
fashion, i.e., no fatal errors detected, the
program returns to EXEND signalling the EP to
transfer control to the next program in sequence.
EXEND increments the left address of PROGNO by
1 and adds it to the address of PROGTBL-l. This
is the location of a jump to the next program in
the sequence.

NXJOB or Error end of sequence exit.
NXTJOB

(EXEC) If a sequence program encounters a fatal error
when attempting to run a case, control is re-
turned to NXJOB, following a diagnostic comment.
NIJOB indicates that the case is terminated both
on the flexo and on hard copy. It then transfers
control to JOBSRCH to begin the next case. J

JOBSRCH Job or case search entrance.

(EXEC) JOBSRCH processes the input data on Tape 8, search- I
ing for one of the following three cards:

Col 17-24 = SEA - case card
= SYS - SYS card
= JOB - JOB card
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If a case card is found, JOBSRCH repositions
the input to the case card, resets cells 0 and 3I. for the EP error processing, and transfers con-
trol to AAA. If a SYS card is found, JOBSRCH
transfers control to SYSRET. If a JOB card is
found, JOBSRCH transfers control to JOB.

JOB JOB card processing.

(EXEC) JOB types a comment on the flexo indicating that
a JOB card was intercepted, repositions the inputL retrieval to the JOB card and exits to SYSJOB.

SYSJOB SYS job processing.

(EXEC) SYSJOB resets CONBITS, empties the output buffers
in PANT, restores the SYS entry vectors, and exits
to M/4 right.

SYSRET Return control to SYS

(EXEC) SYSRET resets CONBITS, empties the output buffers
in PANT, restores the SYS entry vectors, and exits
to M/5 right.

SYSINT Initialize SYS

(EXEC) SYSINT resets CONBITS, empties the output buffers
in PANT, restores the SYS entry vectors, and exits
to M/1 right.

SEASTRT Initialization of SEA exec.

(EXEC) SEASTRT does all the initialization required of
the SEA executive routine. It saves the contents
of the SYS entry vectors 1SYSIN, 1ENJOB, and XCONER
and changes them to set the ENTRYJA and transfer
control to SYSINT, SYSJOB and SEACONR, respectively;
initializes PANT to output onto Tape 5, ejects a
page, and outputs COSINE 5B headings with the date
and time; sets CONBITS for SEA usage; sets cells
0 and 3 to return to SEAERR; sets the size of the
data card table and control line ID table - 0 (to
prevent table lookup from matching until after a
case card); blanks the SEA and case ID's; and then
exits to AAA.
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SEACONR Control line error processing.

(EXEC) If an error occurs on SYS control lines, SEACONR
prints an error comment on hard copy, and types
an error comment if input is from the flexo. In
either case, control is returned to AAA.

SEAERR Exponent overflow or subroutine error processing.

(EXEC) SEAERR outputs an error comment and then transfers
control to NXJOB.

AAA Central Executive input processor

(EXEC) AAA uses 1NXTCON to retrieve the next input card,
and uses STRIP to extract the command field
(Col 17-24). AAA uses table AlA to determine if
the card is an SEA card. If equality is found
with one of the SEA card functions, AAA jumps to
the corresponding entry in table AlB to convert
the card. Subroutines that process SEA cards are
SEACARD (Case card), ENDDATA (Enddata card), PRINT
(Print card), FLOAT (Float card), CONINT (Control
card), JOB (Job card), and SYSRET (SYS card). Sub-
routines PRINT, FLOAT, and CONINT will return to
AAA; JOB and SYSRET restore SYS and return control
to SYS; SEACARD normally returns control to AAA,
however can go to ENDDATA or NXJOB; and ENDDATA
always returns control to EXEND or JOBSRCH.

If the card is not an SEA card, then AAA uses
TABLE1 to determine if the card is a legal SYS
card. If it is, control is transferred to BLKIN
with a parameter of 8 (Block 8 of the SYS Tape
desired). BLKIN will locate Block 8 which will
trigger the SYS card processing. After the card j
has been processed, SYS will return to lNKTCON
which will retrieve the next card, and return to
ARET (in AMA). If the input card is not an SEA
or SYS card, AAA checks to see if a Case card has ii
been found. If not, data cards are not yet allowed,
and the card will be rejected with a diagnostic
comment. If a Case card has been found, AAA will
compare Col 80 of the input card to legal data
card types as given in the table specified in
CARDTBL left address. If equality is found, AAA
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Jumps to the corresponding entry in the table
specified in CARDTBL right address, which is a
subroutine to process the particular data card.
After the card has been processed, control is

returned to AAA. If the input card is none of
the above legal inputs, it is rejected with a
comment indicating that an error exists in
Col 17-24 or 80. Control is then returned to

SEACARD Case Card Processor

(EXEC) SEACARD processes a Case card (SEA in Col 17-24).
It checks the SEA number against the sequence
number held internally and sets up the SEA ID and
Case ID on the page headings. It also clears
all switches and indicators, and initializes the
input processing including table lookups on data
cards and control card ID's. SEACARD normally
exits to AAA, however, with various error condi-
tions, it can exit to ENDDATA (previous Case card
encountered with no ENDDATA card on case), or
NXJOB (SEA ID disagreement).

ENDDATA ENDDATA Card Processor

(EXEC) ENDDATA processes an ENDDATA card. This primarily
consists of checking the data successfully processed
in the case and comparing it to the minimal data re-
quirements for the sequence being run. ENDDATA out-
puts error diagnostics indicating which types of
data cards were not found and which types of control
cards were not found. Deficiencies in either type
of card will cause ENDDATA to inhibit the running of
the case. If all data required was found, ENDDATA
checks the no-run switch (bitO-EXSWTCH) for an inhibit
set during the input processing. If no run is set,
ENDDATA will not run the case, but transfers control
to JOBSRCH. If no errors were found and the case is
to be run, ENDDATA transfers control to EXEND.

CONINT Control Card Processor

(EXEC) CONINT processes CONTROL (CONTROL in Col 17-24) cards.
Using the table of N entries (N specified by CONPRO
right address) beginning at a location TABLE (speci-
fied by CONPRO left address), CONINT does a table
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lookup on the CONTROL card, ID given in Col 9-16.
If equality is found, CONINT jumps to N plus the core
location in TABLE equal to the ID. This must be
a jump to a subroutine to process the CONTROL card,
and a jump to AAA. CONINT therefore returns control
to AAA.

The subroutines used by CONINT must set a bit in cell
CCARD after a successful card read is executed. This
signals ENDDATA that the specific control card was
found and read without any errors. For bit assign-
ments, see cell CCARD.

SEAEOJ Sequence Termination

(EXEC) SEAEOJ terminates an SEA sequence. After printing
and typing "END OF CASE" SEAEOJ empties the output
buffers and exits to JOBSRCH for the next case.

INPTINT Initialization Subroutine

(INTERFN) When the EXEC encounters a Case card, it will go to
the subroutine INPTINT. This should do all necessary
initialization of the input routines for the sequence,
such as setting up strobes and clearing counters for
various data blocks (i.e., EBLOC, OBLOC, etc.).

4.5 DESCRIPTION OF EXECUTIVE CONTROL SWITCHES AND TABLES

EXSWTCH bit 0 No-run switch

(EXEC) If = 0, no fatal input errors

If = 1, fatal errors on input, do not run
case through sequence

bit 1 Case card intercepted

If = 0, case card not intercepted I
If = 1, case card found and processed -

bit 2-47 Not used

CARDS Cards found. A bit is set = 1 for each card type
intercepted and successfully processed since last
SEA card. Bits are assigned as follows:

4-12
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(EXEC) bit 0 Not used

1 1 Element cards (Type E)

| 2 Sensor cards (Type S)

3 Simulation parameter cards (Type I)

Ii 4 Standard deviation and bias cards (Type M)

5 Variant element cards (Type V)

Ii 6-45 Not used

46 Observation cards (Type , At, 0, I, 2, 3,
4, 5, 6, 7, 8, 9)

47 Not used

CARDOPT Cards required. A bit is set - 1 for each card type
required to run the sequence. Bit assignments must be

(CONTROl/) identical to the bit assignments for CARDS.

C&DETYP C/HLT, TABLE; C/HLT, where location TABLE must containI the following:

(CONTROLN) TABLE W/OOOOOOOA Where A, B, C, etc.
W/OOOOOOOB etc. correspond to the
W/OOOOOOOC bits in CARDOPT.

The first entry in TABLE must agree with the
leftmost bit set - 1 in CARDOPT, the second
entry with the second bit - 1, etc. There
must be the same number of entries in TABLEIi as there are bits - 1 in CARDOPT.

CCARD Control cards found. A bit is set - 1 for each type
of control card successfully processed since last SEA

(EXEC) card. Bits are assigned as follows:

bit 0 Not used

1 1 AQTINT control card

2 MOCARO control card

3 SGPDC control card

1 4 Not used

5 ERPRED control card

6-47 Not used
4-13
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CCRDOPT Control cards required. A bit is set - 1 for each
type of control card required to run the sequence.

(CONTROLN) Bit assignments must be the same as those for CCARD.

CONPROZ C/HLT; C/HLT, TABLE where location TABLE must contain
the following:

(CONTROIN) TABLE W/AQTINT

W/MOCARO
W/SGPDC, etc.

The BCD words given correspond to the ID's expected
on the control cards required as specified by CCRDOPT.
The first entry in TABLE will correspond to the first
bit (counting from the left) in CCRDOPT. The number
of entries in TABLE will be the same as the number
of bits set in CCRDOPT. Each entry should be centered,
if possible, within the 8 characters of the word, with
unused characters left blank.

CONPRO C/HLT, TABLE1; D/HLT, N where location

(CONTROlIN) TABLEl must contain the following:

TABLE1 W/OOAQTINT
Wl OOMOCARO
W/OOOSGPDC etc.

The BCD words given, correspond to the ID's on the
control cards required. The ID's must be right adjusted
with leading zeros. N - the number of entries in TABLE1.
TABLE1 must be followed by a TABLE2, where TABLE2 contains
the following:

TABLE2 C/JMP, AQTCON; C/JMP, AAA
C/JMP, MCCON; C/JMP, AAA
C/JMP, DCCON; C/JMP, AAM etc.

"AQTCON" is a subroutine to convert the control card
with the ID "AQTINT"; "MCCON" is a subroutine to con-
vert the control card with the ID "MOCARO", etc. The
first entry in TABLE2 must correspond to the first
entry in TABLEl. TABLE2 will be N entries long and
must be located immediately after TABLEl (or at
location TABLE1 + N).

CARDTBL C/HLT, TABLE1; C/HLT, N where location

4-14
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(CONTROLN) TABLE1 must contain the following,-

TABLE1 W/OOOOOOOA
W/OOOOOOOB

I. W/OOOOOOOC etc.

The BCD character given corresponds to the card
types in Column 80 of the data cards required by
the sequence. The card types must be right adjusted
with preceding zeros.

N - the number of entries in TABLEl.

TABLE1 must be immediately followed by TABLE2
(TABLE2 start address - TABLEl start address
+ N). TABLE2 contains the following:

TABLE2 C/JMP, ACARD; C/JMP, AAA
C/JMP, BCARD; C/JMP, AAA
C/JMP, CCARD; C/JMP, AAA etc,

"ACARD" is a subroutine to convert the data card
with "A" in Col 80; "BCARD" is a subroutine to con-
vert the data card with "B" in Col 80, etc. The
first entry in TABLE2 must indicate a subroutine
which converts the data card indicated by the first
entry in TABLEl. TABLE2 will be N entries in length.

PROGTBL Program jump table

(CONTROLN) PROGTBL C/JMP, PROG1
C/JMP, PROG2

C/JMP, PROGN
C/JMP, SEAEOJ

PROGI is the starting instruction of the first program
in ,the sequence; "PROG2" is the starting instruction
of the second program in the sequence, etc.; and "PROGN"
is the starting instruction of the last program in the
sequence. This will control the running of programs,
as the EXEC will transfer control to the programs
sequentially. A jump to SEAEOJ must always be the last
entry in the table. Each program above should exit to
to "EXEND" or "NXJOB" in the case of an error.

4-15
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PROGNO C/HLT, N, C/HLT, where N is the number of the program
currently being run. The "Jump and Address" used to

(EXEC) transfer control to the program N iS at location
PROGTBL - 1 + N. PROGNO is incremented by EXEND.

CONBITS SYS master control word, used by SYS for all switches,
inhibits, flags, etc. The exact bit assignments are

(SYS) as follows:

bit 0 Always = 0, not used

bit 1-15 Address of next input card to be processed.
Used only if input is from magnetic tape.
The address is between 6008 and 7708. If
the address equals 7708, the next input
card is in the next block on Tape 8.

bits 16-20 Not used

bit 21 = 1 if SYS is to search for a "JOB" card,
bypassing all other control cards. This
search will occur at the next entry to
lNXTCON (M/5).

= 0 if SYS is to retrieve the next sequential
control line at the next entry to lNXTCON.

bit 22 = 1 if input on Tape 8 is in the image mode.

= 0 if input on Tape 8 is in the code mode.

Not used if input is not from magnetic tape.

bit 23 = 1 indicates that the information in the
input buffer (M/600 - M/777) has been des-
troyed, and SYS must reread the last block
of data from Tape 8 when the next control
line is requested in lNXTCON.

= 0 if the information in the input buffer
has not been destroyed.

Not used if input is not from magnetic tape.

bit 24 Always = 0, not used.

bits 25-39 Left shift required of "PTWORD" to bring the
next character to be processed T5 (in bits
0 to 5). If the number = 48, PIWORD has
been entirely processed and the next character
is in the next word of the control line.

41
4-16 ii
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I
bit 40 Always - 0, not used.

bit 41 - 1 if the accounting clock is in the system
(part of the computer complex).

- 0 if no accounting clock is available.

bit 42 = 1 if the next control line is not to be
processed immediately upon retrieval.
"lNXTCON" will move the next control line
into "CONLINE" without processing it, and
exit to the "ENTRY JA."

a 0 if the next control line is to be proc-
essed immediately after it is retrieved.

bit 43 a 1 if image mode input from magnetic tape
should be converted to code mode from Col 1
to Col 24, leaving Col 25 to Col 80 in image
mode.

- 0 if image mode input from magnetic tape
should be converted to code mode from Col 1
to Col 80. Not used if input is not image
mode from magnetic tape.

bit 44 = 1 if a "JOB" card is not legal at this time

(e.g. - during compilation).

- 0 if a "JOB" card is allowed.

bit 45 1 1 if input is from magnetic tape.

bit 46 = 1 if input is from paper tape.

bit 47 = 1 if input is from the flexowriter.

One and only one of the bits 45 to 47 must be set = 1,
the other two must be f 0.

1- 4-17
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I.. SECTION 5

[ SYSTEM SUBROUTINES

The subrountines available to the Simulation Error Analysis
System are classified in four groups: Program,SYS, Philco,, and Common.
Philco subroutines are accessible from the Philco Subroutine library tape
and are read into core by SYS as required. SYS subroutines are in the
area of core allocated to SYSI therefore, they are available as long as
SYS is retained in core. Program subroutines are those used by one spe-

I cific program and are compiled with it. In order to conserve core space,
the subroutines used by more than one program have been collected into
a section called SUBS and are designated the Common System Subroutines.

This section presents the input, output, and calling sequences
for all of the common subroutines and a few of the frequently used SYS
subroutines. Philco subroutine specifications are a part of the Philco
documentation which may be obtained from the Philco Computer Division.
The subroutines are presented in alphabetical order and are dated forr anticipated revisions and additions.

Input and output quantities will have an associated symbol,
when applicable, designating the format of the word. The formats are
assigned as follows:

D - Decimal
F - Floating Point
0 - Octal

BCD - Binary Coded Decimal
Tx - Fixed Point Number with x as the scale factor

Within the calling sequences, many capitalized words are in
parentheses to indicate that they are not absolute core locations. These{ locations must be assigned by the user when calling one of the subroutines.

5-1
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The subroutines exit to core cells 0 (exponent overflow) or
3 (standard error) bypassing the normal exit when encountering non-
recoverable errors. Programs using these routines must preset cells
0 and 3 for error recovery procedure.

.5
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AKLOK
(SEA)
11/30/62

!
SPURPOSE: To read the Accounting Clock and convert it to :standard

(6-Bit) BCD format.

CALL SEQUENCE: JMP AKLOK
TAM (RESULT 1)
TQM (RESULT 2)

I INPUTS: None

OUTPUTS: RESULTli1 - ~ Y YM M[ RESULT 2 - D D H H MM. M

STORAGE

REQUIREMENTS: 11 Cells

SUBROUTINES: Common: KLOK

[ DESCRIPTION:

Since the Accounting Clock does not contain the year,
the last two digits of the year in core location ZYEAR are inserted in
bits 24-35 of Result 1, after the Accounting Clock has been converted
from 4-bit BCD to 6-bit BCD.

I Note: ZYEAR must be updated yearly.

I

!

!
!
I
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AQTCON
(SEA)
11/30/62

%A

PURPOSE: To convert an AQTINT Control Card.

CALL SEQUENCE: JMP AQTCON
JAZ (ERROR)

INPUTS:

AQTINT Control Card
CCARD - See Description

OUTPUTS:

OBSDUR - Observation duration (minutes) (F)
TOPT - Output option for TBLOC D(T 47)
OBSOPT - Output option for OBSIM D(T 47)
PERT - Perturbations control (for all programs

except DC) D(T 47)
PNCHOBS- Punched output option for

OBSIM D(T 47)
CCARD = See Description

STORAGE REQUIREMENTS: 33 Cells

SUBROUTINES: Common: SFXFLTA, SFXINT, CARDER, PANT

DESCRIPTION:

Core location CCARD is checked to see that an AQTINT
Control Card has not been converted for the case. If one has been
processed, the current one will be rejected with an error comment and
the A Reg - 0; if not, the card will be converted, and Bit 1 will be
set - 1 in CCARD to indicate a successful conversion. If an error
occurs during conversion, an error comment will be printed and the
subroutine will exit with the A Reg - 0.

,1
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ARCCOS
(SEA)
11/30/62

[PURPOSE: To find, the arc cos of a floating point number

CALL SEQUENCE: TMA (WORD)
JMP ARCCOS
imp (ERROR)
TAM (RESULT)

SINPUTS: WORD - Cos (X) (Floatingspoint)

OUTPUTS: RESULT - X, 0- X • 7" (Floating point)

STORAGE
REQUIREMENTS: 14 Cells

I SUBROUTINES: Philco: FACOS

I. DESCRIPTION:

Due to cumulative computational round-off errors, it
is possible for the cosine of an angle near 00 to be greater than 1:j Therefore a comparison is made between cos (X) and 1.001:

> 1.001 -* ERRORSif Cos (X) is ( 1.0 and:l.O01 -* X = 0 or 7r
< 1I.0 0<X <7r

[
ii
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ARCSIN
(SEA)
11/30/62

PURPOSE: To find the arc sin of a floating point number

CALL SEQUENCE: TMA (WORD)
JMP ARCSIN
JMP (ERROR)
TAM (RESULT)

INPUTS: WORD - Sin (X) (Floating point)

OUTPUTS: Result a X, "r/2 < X < O/2 (Floating point)

STORAGE
REQUIREMENTS: 16 Cells

SUBROUTINES: Philco: FASIN

DESCRIPTION:

Due to culmulative computational round-off errors,
it is possible for the sine of an angle near 900 to be greater than
1. Therefore a comparison is made between sin (X) and 1.001:

> 1.001 - ERROR
if sin (x) is 1.0 and < 1.001 - x =±7r/2

1.0 -'-7/2 < X < 7r/2

.9
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ARCTAN
(SEA)
11/30/62

I
PURPOSE: To find the arc tan of a floating point number

CALL SEQUENCE: TMA (WORD 1)
TMQ (WORD 2)
iMP ARCTAN
TAM (RESULT)

IINPUTS: WORD 1- Cos (X) Floating point
WORD 2. Sin (X) )

I OUTPUTS: RESULT m X, 0 • X < 27r (Floating point)

STORAGE
REQUIREMENTS: 17 Cells

SUBROUTINES: Philco: FATAN

I DESCRIPTION:

If sin (X) - 0 and cos (X) = 0, then X 0
arbitrarily with no error indication.

[
I
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BCDCLK
(SEA)
11/30/62

PURPOSE: To read the Accounting Clock and edit it for printing
or typing.

CALL SEQUENCE: JMP BCDCLK
TAM (RESULT 1)
TQM (RESULT 2)

INPUTS: None

OUTPUTS: RESULT 1 = YY - MM - DD

RESULT 2 - 6HH - MM.M J 6-Bit BCD

STORAGE REQUIREMENTS: 29 Cells

SUBROUTINES: Common: AKLOK

DESCRIPTION:

This subroutine uses AKLOK to get the Accounting
Clock and year in 6-Bit BCD, putting it in the format for printing
and typing.

-4
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BCDFD
(SEA)
11/30/62

1

PURPOSE: To convert BCD date to floating point days and
fractions since the beginning of the year

CALL SEQUENCE: TMA (WORD 1)
TMQ (WORD 2)
JMP BCDFD
JAZ (ERROR)
TAM (RESULT 1)
TQM (RESULT 2)

INPUTS: WORD 1 - YYMMDDHH 6-Bit BCD

WORD 2 - MMSS.SSS J
OUTPUTS: RESULT 2 1 Fractional number of days] Floating Point

STORAGE
REQUIREMENTS 71 Cells

I SUBROUTINES: Common: SFXFLTA

DESCRIPT ION:

[ If an error is found, the normal exit will be taken
with the A Reg - 0

Ii
II
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BCKICRD
(SEA)
11/30/62

PURPOSE: To set input card retrieval (INXTCON) to reprocess

last control line. --

CALL SEQUENCE: JMP BCK1CRD

INPUTS: Left address of CONBITS - Location of current control
line.

OUTPUTS: Left address of CONBITS - Location of previous control
line.

STORAGE
REQUIREMENTS: 20 cells

SUBROUTINES: Common: PANT

SYS: ITYPOUT

DESCRIPTION:

If input is from magnetic tape, the cell CONBITS is
reset to location of previous card image. If input is from the
flexowriter, the comment "IMPROPER CONTROL LINE" is typed. If input
is from paper tape, the comment "CONTROL LINE ON PAPER TAPE OUT OF
ORDER " is printed.

•1
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BLKIN
(SYS)
11/30/62i

I PURPOSE: To call in the block of the SYS Tape specified and
transfer control to it.

I CALL SEQUENCE: C/JMP, BLKIN;N/#T47
Control returned to ENTRYJA
ENTRYJA not set by JMP ELKIN

INPUTS: # - The decimal number of the block desired
Example: C/JMP, ELKIN; N/7T47 to retrieve the seventh blockf on tape 1 (SYS tape)

OUTPUTS: Execution of program in block # given

j STORAGE
REQUIREMENTS: Part of SYS

j SUBROUTINES: SYS subs only

DESCRIPTION:

Il ELKIN reads the SYS tape into cells M/400 to M/577 searching
for the block number specified. When block # is found, ELKIN jumps to M/401,
and thereby transfers control to the routine in the block specified. Normally
control will be returned to the ENTRYJA, thus back to the entry to SYS just
prior to the jump to ELKIN.

I
1
I
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CARDER
(SEA)
11/30/62

PURPOSE: To output card error comments.

CALL SEQUENCE: (1) TMA (WORD) (3) JMP CARDERB
JMP CARDER

(2) TMA (WORD1) (4) TMA (WORD2)
JMP CARDERA JMP CARDERC

INPUTS: In all cases, XR3 must contain the location of the
erroneous card:

WORD = ? ? ? ? ? ? NN (BCD Column Number)
WORD1 = ? ? T ? ? ? ?N (BCD Card Type)
WORD2 - ? ? ? ? ? ? ?N (BCD Card Type)

OUTPUTS: See Description

STORAGE
REQUIREMENTS: 48 Cells

SUBROUTINES: Common: PANT, PAGECON

DESCRIPTION:

The subroutine will insert the given parameter into one
of the following comments corresponding to the entrance:

(1) - Error in field ending in Col. NN.
(2) - System expects card with N in Col. 80.
(3) - (No comment)
(4) - Card rejected, too many cards of type N.

The program will then output the comment (or no comment)
followed by:

1 8 16 24 32 40 48 56 64 72 80

(80 Column Card Image )

1 Line space

CARDER subroutines set the no-run switch for the EXEC (bit
0 of EXSWTCH), except for the CARDERC routine.

:j
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CARRET
(SEA)
11/30/62

I

SPURPOSE: To issue a carriage return to the flexowriter.

CALL SEQUENCE: JMP GARRET

INPUTS: None

[OUTPUTS: A carriage return character transmitted to the flexovriter

STORAGE[ REQUIREMENTS: 2 cells

SUBROUTINES: None

L
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COEGET
(SEA)
11/30/62

PURPOSE: To retrieve one contaminated observation from COBLOC

CALL SEQUENCE: (1) To initialize: (2) Normal:
JMP INITCOB JMP COBGET

+IH JMP (END)
+2H (NORMAL)

INPUTS: COBLOC
LOCCOB - C/HLT, COBLOC; C/HLT, 0
Termination indicator for COBLOC must be 48/0

OUTPUTS: END - End of contaminated observations
NORMAL - A REG - STAID

STAID
OTYPE
RANGE (See COBLOC format for contents of core
ALPHA ) locations)
DELTA
RODOT
T

STORAGE
REQUIREMENTS: 8 Cells

SUBROUTINES: None

DESCRIPTION:

It is necessary to "JMP INITCOB" only before the first
"JMP COBGET." INITCOB sets the beginning address of COBLOC; with every
call of COBGET, this address is modified to retrieve the next successive
contaminated observation. The maximum number of contaminated observations
is 500.

-I
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COBPCK
(SEA)
11/30/62

I

PURPOSE: To pack one contaminated observation into COBLOC

CALL SEQUENCE: (1) To initialize: (2) Normal:
JMP ICOBPCK JMP COBPCK

INPUTS: LCOBLOC - C/HLT, COBLOC; C/HLT, COBLOC + 3000

L STAID•
OTYPE
RANGE (See COBLOC format for contents of core
ALPHA
DELTA locations)

RODOT

OUTPUTS: One contaminated observation in COBLOC (See COBLOC format)

Ii STORAGE
±aQUIREMENTS: 46 Cells

I SUBROUTINES: Common: PANT, GLOP, PAGECON

Program: OBPCKA, OBPCKS (See OBPCK),

DESCRIPTION:

It is necessary to "JMP ICOBPCK" only before the first
"JMP COBPCK". ICOBPCK set•j the beginning address of COBLOC. With every
call of COBPCK this address is modified in order to pack the next ob-:
servation successively. 500 observations may be stored in COBLOC;.[ observations in excess of 500 will be printed.

I
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DCCON
(SEA)
11/30/62

PURPOSE: To convert a SGPDC Control Card.

CALL SEQUENCE: JMP DCCON
JAZ (ERROR)

.!
INPUTS: SGPDC Control Card

CCARD

OUTPUTS:

DCCCPl - Correction flag override (O,bits 41 through 47 only)
DCCCP2 - Repeat counter override (BCD)
DCCCP3 - Perturbations Control (DC) (D/T47)
DCCCP4 - Output Options (0, bits 42 through 47 only)
DCCCP5 - RMS multiplier override (BCD)
DCCCP6 - First absolute maximum override (F)
DCCCP7 - Second absolute maximum override (F)
DCCCP8 - ABSMX2 override (F)
DCCCP9 - Convergence criterion override (F)
DCCCP10 - DC distribution override (D/T47)

DCSI - Lower limit (distribution) (F)
DCS2 - Upper limit (distribution) (F)
DCNS - No. of quantities to compute range of distribution

(D/T47)
DCI - No. of cells in distribution (D/T47)
CCARD - See Description

STORAGE

REQUIRE4ENTS: 61 Cells

SUBROUTINES: Common: SXSRCH, CARDER, PANT

DESCRIPTION:

Core location CCARD is checked to see that a DC Control Card
has not been converted for the case. If one has been processed, the current
one will be rejected with an error comment and the A Reg = 0; if not, the card
will be converted, If Sl and/or S2 -=&, then S1 and/or S2 will be set - 3.
The subroutine will then make the following tests:

1. Sl and S2 - 0 3. I Neg
2. Sl or S2 Neg 4. I - 101

If any of the above are true, or if there was an error on con-
version, the card will be rejected with an error comment and the A Reg - 0. If
the card conversion is successful, Bit 3 will be set - 1 in core location CCARD.

-I
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(SEA)
11/30/62

I
j PURPOSE: To retrieve a delta element set from DEBLOC

CALL SEQUENCE: (1) To initialize (2) Normal:
JMP INITDEL JMP DELGET

+11 JMP (END)
+2H JMP (NORMAL)

SINPUTS: LOCDEL - C/HLT, DEBLOC; C/HLT, 0
Termination indicator for DEBLOC must be 48/0

_ DEBLOC

OUTPUTS: END - End of DEBLOC

DELE

DELN (See DEBLOC format for contents of core location)"DELNOD
DELOM
DEIMO
DELCO

REQUIREMENTS: 17 Cells

SSUBROUTINES: None

I DESCRIPTION:

It is necessary to "J4P INITDEL" only before the 'first'"JMP
DELGET". INITDEL sets the beginning address of DEBLOC. With every call of
DELGET this address is modified to retrieve the next successive set of delta
elements. The maximum number of sets of delta elements is 100.

I
I
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DELPCK
(SEA)
11/30/62

PURPOSE: To pack one delta element set into DEBLOC

CALL SEQUENCE: (1) To initialize (2) Normal

JMP IDELPCK JMP DELPCK

INPUTS: LDEBLOC - C/HLT, DEBLOC; C/HLT, DEBLOC + 700

DELA
DELE J
DELN (See DEBLOC format for contents of core locations)DELNOD
DELOM
DELMO
DELCO

OUTPUTS: One set of delta elements in DEBLOC (See DEBLOC format)

STORAGE
REQUIREMENTS: 41 Cells

SUBROUTINES: Common: PANT, GLOP, PAGECON

DESCRIPTION:

It is necessary to "JMP IDELPCK" only before the first
"JMP DELPCK", IDELPCK sets the beginning address of DEBLOC. With every call
of "DELPCK" this address is modified in order to pack the next delta element
set successively. 100 sets of delta elements may be stored in DEBLOC. The
delta element sets in excess of 100 will be printed.

3
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SIMULATION ERiRO ANALYSIS SYSTEM PROGRAM DOCUMENT
ECARD
(SEA)
11/30/62

I

I PURPOSE: To control the conversion of nominal and variant element
cards 1 and 2 into EBLOC and VEBLOC format.

j CALL SEQUENCE: (1) To initialize (2) Normal
JMP ECARDI JMP ECARD,

SINPUTS: XR3 - Location of card image

For E Card processing, the following locations must be set
initially:

LEBLOC - C/HLT, EBLOC; C/HLT, EBLOC + 12

SATSTB w C/HLT, EBLOC; C/HLT, 0

I For V Card processing, the following locations must be set
initially:

ji LVEBLOC - C/HLT, VEBLOC; C/HLT, VEBLOC + 700

ELMSTB - C/HLT, VEBLOC; C/HLT, 0

LDEBLOC - C/HLT, DEBLOC; C/HILT, DEBLOC + 700

DELSTB - C/HLT, DEBLOC; C/HLT, 0

11 OUTPUTS:

See Output of VECARD or ELMRED

For E Card processing:

Increments left address of SATSTB by 12
Increments ECOUNT by 1
Sets right address of LOCSAT equal to left address
of SATSTB
Sets Bit 1 - 1 in core location CARDS

For V Card processing:

Increments left address of ElMSTB and DELSTB by 7
Increments VECOUNT and DECOUNT by 1
Sets right address of LOCELK and LOCDEL equal to the
left address of ELMSTB and DELSTB respectively
Sets Bit 5 - 1 in core location CARDS

I
I



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
ECARD
(SEA)
11/30/62
(continued)

STORAGE
REQUIREMENTS: 184 Cells

SUBROUTINES: Common: CARDER, PANT, PAGECON, ELMRED, VECARD

DESCRIPTION:

Nominal element cards must be input before variant element
cards.

It is necessary to "JMP ECARDI" only before the first
"JMP ECARD" to initially clear buffers. A pair of element cards (cards 1
and 2) must be entered together; if not, the subroutine will search for a
pair, while saving the most recent cards in a buffer and printing error
comments on those rejected. Having found a pair of element cards, a com-
parison is made as to whether both cards have the same element type (A, B,
C, or D), satellite number, and card type (E or V). If all 3 do not agree,
the search for a pair is begun again, while the most recent cards are saved
and an error comment is printed. If all 3 agree, card type is tested to
determine which routine should unpack the cards: E = ELMRED (nominal element
cards) or V = VECARD (variant element cards). If the cards converted were
variant element cards, the subroutine will fill DEBLOC with nominal classi-
cal elements to be used later to create a true delta element block. Having
successfully converted the cards, the subroutine will set counters, strobes
and CARDS, then exit. If unsuccessful, the program will take the'normal
exit, but the appropriate card bit will not be set in core location CARDS.

ii
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
ELEHII (SEA)
11/30/62

I

I PURPOSE: To unpack Element Card 1.

CALL SEQUENCE: TMA (WORD)
imp ELEM1

INPUTS: WORD - C/HLT, (Elem. Card 1 address ); C/HLT, (Output buffer
address)
Element Card 1

OUTPUTS: Output buffer-formats for element types A, B, C,D,
respectively. In the first word, N - satellite number.
All numbers are floating point except those designated as
BCD.

" TYPEA: TYPE B: TYPE C: TYPE D:

+GQW66= (BCD) MAAw NNN (BCD) 66M (BCD) 66NNN(BCD
+1 a(E.R.) x(KM) Hq (KM) a(E R.)
+2 e y(KM) • e
+3 i (Deg) z(KM) i (Deg) i (Deg)
+4 n (Deg) i(M/eec) ho(Deg) n (Deg)
+5 a (Deg) #(M/Sec) Uo(Deg) w (Deg)

- +6 Mo(Deg) i(M/sec) ZZZZZ PP h (Deg)

Z aNORTH P SB D
SOUTH SN

STORAGE

REQUIREMENTS: 24 Cells

SUBROUTINES: Common: SFXFLT

LIDESCRIPTION:
The subroutine unpacks element card 1 and stores the input

numbers into the output buffer as shown above. If an error is found in
converting the numbers to floating point, the normal exit will not be taken.

Rather, the subroutine will transfer to core location ELERRi, where error
recovery must be set up.

I
!

I\



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
ELEM2
(SFA)
11/30/62

PURPOSE: To unpack Element Card 2.

CALL SEQUENCE: TMA (WORD)
JMP ELEM2

INPUTS: WORD - C/HLT, (Elem. Card 2 address); C/HLT (Output buffer
address)
Element Card 2

OUTPUTS: The output buffer formats for the various element types are
as follows ( the BCD character T is filled by the element type
A, B, C, or D, AAA is the element number, NNN is the satellite
number, and SSS is the sensor number):

Types A or B: Types C or D:

+0 ETAAANNN (BCD) +0 ETAAANNN (BCD
+1 +
+2 +2
+3 (To be filled) +3 (To be filled)
+4+4
+5' +5
+6 +6
+7 C (Days/rev) (F)+7 C (Days/rev) (F)
+8 t(minutes) +7 C (Dy/ev
+9 (to be filled) be filled
+10 YYMMDDHH ( +10 (BCD)
+11 MMSS. SSS (BCD) +1 i
REFYEAR OOOOOOOY RHOO 00000000 or Po(km) (F)
RHOO 00000000 ELMSEN OOOOOSSS (BCD)
ELMSEN 00000A\A

STORAGE
REQUIREMENTS: 37 Cells

SUBROUTINES: Common: BCDFD, SFXFLT

DESCRIPTION:

The subroutine unpacks element card 2 into the output buffer and
core locations as shown above. If errors occur, the normal exit is not taken;
rather, the exits indicated will be taken. It is necessary to set up error re-
covery at these core locations

Invalid epoch time (field 1)-- - ELERR2
Invalid C (field 2) P-ELERR2A
Invalid p0 (field 4) ELERR2B
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!

SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
ELMGET
(SEA)11/30/62

I

SPURPOSE: To retrieve one variant element set from VEBLOC

CALL SEQUENCE: (1) To initialize: (2) Normal:
JMP INITELM JMP ELMGET

+1H JMP (END)
+2H (NORMAL)

" INPUTS: VEBLOC
LOCE1M - C/HLT, VEBLOC; C/lILT, 0
Termination indicator for VEBLOC must be 48/0

OUTPUTS: END - End of VEBLOC

AXNOIiI
AYNO
HXO (See VEBLOC format for contents of core locations)I" HYO

A- HZO

STORAGE CO

REQUIREMENTS: 8 Cells

SUBROUTINES: Program: NXSAT (See EUNPCK)

I DESCRIPTION:

It is necessary to "JMP INITEL" only before the first
"V"JMP ELMGET". INITELM sets the beginning address of VEBLOC. With every
call of ELMGET, this address is modified to retrieve a successive variant
element set. The maximum number of sets of variant elements is 100.

I
I
I
I
I



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
ELMOUT
(SEA)
11/30/62

PURPOSE: To print elements - Type A, B, C, or D

CALL SEQUENCE: JMP ELMOUT

INPUTS: ELMTYP - OOOOOOON, N - A, B, C, or D (BCD)
EBUF (Output Buffer)

OUTPUTS: Contents of EBUF

STORAGE
REQUIREMENTS: 149 Cells

SUBROUTINES: Common: GLOP, PAGECON, PANT
Program: ELOUTA, ELOUTB, ELOUTC, ELOUTD

DESCRIPTION:

This subroutine tests ELMLYP to determine which of the
following program subroutines to use to output the values in EBUF:

Element Type A - ELOUTA
Element Type B - ELOUTB
Element Type C - ELOUTC
Element Type D - ELOUTD



I
I

SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
ELMOUT
(SEA)
11/30/62

I

j (Description continued)

Element Type Element Type Element Type Element TypejA B C D

EBUF a (E.R.). x (Kim) a (E.R.) a (E.L.)

"+ 1 e y (K1m) e e

+ 2 i (Deg) z (Kim) i (Deg) i (Deg)

+ 3 S1 (Deg) x (m/sec) S (Deg) S1 (Deg)

+ 4 Co (Deg) ~ v (m/sec) w~ (Deg) Co (Deg)
+ 5 M (Deg) z (m/sec) M (Deg) M (Deg)S0 0 0

+ 6 C0  (Days/rev) C (Days/rev) C (Days/rev) C (Days/rev)
+ 7 YYMMDDHH YYMMDDHH L--A A- A

+ + 8 MMSS.SSS MHSS.SSS A - A A
+ 9 STAID STAID

j + 10 4 (Deg) * (Deg)

+ 11 x (Des) X (Deg)

+ 12 H (Kin) H (K1m)

- + 13 Hq (Km), a (E.R.)

* 14 e e,

1. + 15 i (Deg) i (Deg)

+ 16 h (Deg) 11 (Deg)v• 0

+ 17 v (Deg) CU (Deg)

+ 18 NORTHN)l h0 (Deg)

+ 19 (NStAA )A p (Knm)

[0
S11

IiJ



SIMULATION ERROR ANALYSIS SYTEM PROGRAM DOCUMENT
ELMPCK
(SEA)
11/30/62

PURPOSE: To pack one variant element set into VEBLOC

CALL SEQUENCE: (1) To initialize (2) Normal:
JMP IELMPCK JMP ELMPCK

INPUTS: LVEBLOC - C/HLT, VEBLOC; C/HLT, VEBLOC + 700

AXNO
AYNO
HXO
HYO (See VEBLOC format for contents of core locations)
HZO
XLO
CO

OUTPUTS: One set of variant elements in VEBLOC (See VEBLOC format)

STORAGE
REQUIREMENTS: 39 Cells

SUBROUTINES: Common: GLOP, PANT, PAGECON

DESCRIPTION:

It is necessary to "JMP IELMPCK" only before the first
"JMP ELMPCK". IELMPCK sets the beginning address of VEBLOC; with every
call of ELMPCK, this address is modified in order to pack the next variant
element set successively. 100 sets of variant elements (700 words) may
be stored in VEBLOC. The variant element sets in excess of 100 will be
printed.



I
j SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT

ER)ED
(SEA)
11/30/62

I
PURPOSE: To control the conversion of a pair of element cards

into EBLOC format.

CALL SEQUENCE: TMA (WORD)
JMP ELMRED
JAZ (ERROR)

INPUTS: WORD - C/HLT, (Address of element card); C/HLT, (Blockf address)

OUTPUTS: N, M elements, et , to, epoch, element type, inSEBLOC 0

STORAGE
REQUIREMENTS: 209 Cells

SUBROUTINES: Common: ELEM1, ELEM2, ETYPA, ETYPB, ETYPC, ETYPD, SFXFLT,
SENGET, STLC, SEPSUB, PANT, CARDER, PAGECON, BCDFD, ARCTAN,

j ARCSIN, ARCCOS

Philco: FSQRT, FSIN, FCOS

1. DESCRIPTION:

The subroutine will validate the element type (A, B, C, D);
if it is invalid, the normal exit will be taken with the A Reg - 0 after an
error comment has been printed. If it is valid, the element cards will be
unpacked and converted to N M elements. These will be stored in EBLOC, as
will the other values given in the EBLOC format. The subroutine will then
set up the output buffer (EBUF) so that the one of following may be printed
by another subroutine ELMDUT:

1. Element type A - classical elements
2. Element type B - r, _ elements
3. Element type C - orbit-station elements 3 classical

elements, sensor coordinates
4. Element type D - radar-oriented elements, classical

elements, sensor coordinates[

11



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
ERPCON
(SEA)
11/30/62

PURPOSE: To convert an Error Prediction (ERPRED) Control Card.

CALL SEQUENCE: JMP ERPCON
JAZ (ERROR)

INPUTS: Error Prediction (ERPRED) Control Card
CCARD - See Description

OUTPUTS:
CASETYP ERPDOPT
OTPFLAG ERPSl
APMFLAG ERPS2
DPVFLAG ERPNS
CAPPI ERPI
DELCAPP OPOUTI
CAPPF OPOUT2

STORAGE
REQUIREMENTS: 72 Cells

SUBROUTINES: Common: SXSRCH, CARDER, PANT

DESCRIPTION:

Core location CCARD is checked to see that an ERPRED
Control Card has not been converted for the case. If one has been
processed, the current one will be rejected with an error comment and
the A Reg = 0; if not, the card will be converted. If S1 and/or S2 - ,
then S1 and/or S2 will be set - 3. The subroutine will then make the
following tests:

1. Sl and S2 = 0
2. Sl or S2 NEG
3. I NEG
4. I : lOl

If any of the above are true, or if there was an error on conversion, the
card will be rejected with an error comment and the A Reg = 0. If the card
conversion is successful, Bit 5 will be set - 1 in core location CCARD.



I
SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT

ETYPA
(SEA)

11/30/62

!
PURPOSE: To convert classical elements to N M elements.

CALL SEQUENCE: TMA (WORD)
JMP ETYPA

j INPUTS: WORD - C/HLT, (Input Buffer Address); C/HLT, (Output Buffer

Address)

Input Buffer (all floating point):

+ 0 Not used
+ 1 a (Earth radii)
+2 e
+ 3 i (Deg)
+ 4 fl (Deg)

T" + 5 a) (Deg)
L + 6 Mo (Deg)

OUTPUTS: Output Buffer (all floating point):

[ +0 Not used
+! a

XN

S~+2 aO

0
YN

+ 3 h (Earth radii) /2

+ 4 h ( 1/2
Yo

+ 5 hz 1/2

+ 6 L (Radians)
SSTORAGE 0

REQUIREMENTS: 41 Cells

SSUBROUTINES: Philco: FSIN, FCOS, FSQRT

DESCRIPTION:

Three input values are validated. If an error is found$ the
normal subroutine exit is not taken, but rather the exits indicated. It is
necessary to set up error recovery at these core locations.

If a < 1.0, then ELERRA
If e Ž 1.0, then ELERRE
If i <0 or i > n , then-- ELERRI

Having successfully validated these quantities, the subroutine will convert

classical elements to N M elements with the formulas presented in the
initialization portion of Section 3.



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
ETYPB
(SEA)
11/30/62

PURPOSE: To convert r, i_ elements to N M elements

CALL SEQUENCE: TMA (WORD)
Jmp ETYPB

INPUTS: WORD - C/HLT, (Input Buffer Address); C/HLT, (Output
Buffer Address)

Input Buffer (all floating point):

+ 0 Not used
+ 1 x (Earth radii)
+ 2 y (Earth radii)
+ 3 z (Earth radii)
+ 4 x (Radii/ke"1 min)
+ 5 Y (Radii/ke 1 min)
+ 6 - (Radii/ke"l min)

OUTPUTS:

Output Buffer (all floating point):

+ 0 Not used
+1 a

xno
+2 a

+ yno (Earth radii)1/2

+ 4 h (Earth radii)1/2

+ yo (Earth radii) 1/2
zo

+ 6 L (Radians)
0

STORAGE
REQUIREMENTS: 100 Cells

SUBROUTINES: Common: ARCTAN
Philco: FSQRT

DESCRIPTION:

The subroutine coverts r, _ elements to N M elements with
the formulas given in Section 3.



I
SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT

ETYPC
(SEA)
11/30/62

[

[PURPOSE: To convert orbit-station elements to classical elements

CALL SEQUENCE: TMA (WORD)
mJP ETYPC

INPUTS: WORD - C/HLT, (Input Buffer Address); C/HLT, (Output
Buffer Address)

Input Buffer:

+ 0 Not used
+ 1 H (q(M)
+2 (

S+ 3 1 (Degrees) (F)

+ 4 h (Degrees)

+ 5 V0 (Degrees)

+ 6 NORTH A NSd(BCD)

(SOUTH A SN)

I OUTPUTS: Output Buffer (all floating point):

+ 0 Not used
+ 1 a (Earth radii)
+2 e
+ 3 i (Degrees)

- + 4 a (Degrees)

[ +45 ( (Degrees)

+ 6 M0 (Degrees)

STORAGE
REQUIREMENTS: 80 Cells

SUBROUTINES: Common: ARCSIN, ARCTAN
Philco: FSIN, FCOS, FSQRT

I:
I
I



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
ETYPC
(SEA)
11/30/62
(continued)

DESCRIPTION:

Two input quantities are validated.If an error is found,
the normal subroutine exit is not taken, rather the exits indicated will
be taken. It is necessary to set up error recover at these core locations.

If i = 0 , then ELERRI

If e Ž I , then ELERRE

Having successfully validated these quantities, the subroutine will convert
orbit-station elements to classical elements with the formulas given in
Section 3. During the conversion, it is possible to find an error in com-
puting v 0, Po or K . Therefore it is necessary to set up error recovery

at core locations UOERR, BOERR, KOERR. These exits will be taken if the sine
of the respective angle is > 1. Epoch time is zero and is stored in ap-
propriate core location.



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
ETYPD
(SEA)
11/30/62

I

[PURPOSE: To convert radar oriented elements to classical elements.

CALL SEQUENCE: TMA (WORD)
I iMP ETYPD

INPUTS: WORD - C/HLT, (Input Buffer Address)[t C/HLT, (Output Buffer Address)

Input Buffer (all floating point):

+ 0 Not used
+ 1 a (Earth radii)
+2 e
+ 3 i (Degrees)
+ 4 a (Degrees)
+ 5 t (Degrees)
+ 6 h (Degrees)

RHOO p0  (Km) (F)

OUTPUTS: Output Buffer (all floating point):

S+0 Not used
+ 1 a (Earth radii)
+2 e
+ 3 i (Degrees)
+ 4 a (Degrees)
+ 5 w (Degrees)1+ 6 M0 (Degrees)

STORAGE: 140 Cells

SUBROUTINES: Common: ARCCOS, ARCTAN

Philco: FSIN, FCOS, FSQRT, FATAN

[ DESCRIPTION:

Three input quantities are validated. If an error is found,
the normal subroutine exit is not taken, rather the exits indicated will be
taken. It is necessary to set up error recovery at these core locations

If a < 1, then ELERRA
If eŽ 1, then ELERRE
If i 0, then ELERRI

I



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
ETYPD
(SEA)
11/30/62
(continued)

(Description continued)

Having successfully validated these quantities, the subroutine will con-
vert radar oriented elements to classical elements with the formulas
given in Section 3. During the conversion, it is possible to encounter

Pkin >Tef > r max, Icos v0  > 1, Icos e > 1, Isin 51 > 1, or

Ki < 0. Therefore it is necessary to set up the respective error recovery

locations ELERRO, VOERR, ELERREP, ELERRDG, and ELERRK.



I

EUNPCK
(SEA)
11/30/62

I
PURPOSE: To retrieve and unpack one element set from EBLOC

CALL SEQUENCE: JMP EUNPCK
+IH JMP (ERROR)
+2H (NORMAL)

INPUTS: EBLOC
LOCSAT - C/HLT, EBLOC; C/HLT, 0

OUTPUTS: SATN HXO CO
ELNO "hVO TO" (See EBLOC format for
AXNO HZO THGRTO contents of core locations)
AYNO XLO YY

STORAGE
REQUIREMENTS: 36 Cells

SUBROUTINES: Program: INITSAT, NXSAT

j DESCRIPTION:

This subroutine uses "INITSAT" to initialize retrieval
and "NXSAT" to retrieve the element set and other values from EBLOC.
The ERROR return is obtained if the first word of EBLOC is zero,
indicating no elements.I

II
I

II.
!
I

!



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
FKLOK
(SEA)
11/30/62

PURPOSE: To read the accounting clock and convert it to floating
point days

CALL SEQUENCE: JMP FKLOK
TAM (RESULT 1)
TQM (RESULT 2)

INPUTS: None

OUTPUTS: RESULT 1 - Accounting clock - (floating point)
RESULT 2 - Accounting clock (4-bit BCD) - OYYMMDDHHMMt M

STORAGE Implied Decimal
REQUIREMENTS: 11 Cells

SUBROUTINES: Common: AKLOK, BCDFD

DESCRIPTION:

The accounting clock reading is converted to floating
point days since the beginning of the year and left in the A register;
the accounting clock is left in the Q register in 4-bit BCD.



II

I sD�ULATION ERROR ANALYSIS SYSTEM ,...GRAM bOCUM1T

(SEA)
11/30/62

I
j PURPOSE: Process a FLOAT card.

CALL SEQUENCE: J4P FLOAT

I INPUTS: XR3 - card location

OUTPUTS: Floating correction

STORAGE
REQUIREMENTS: 10 Cells

SUBROUTINES: Common: SFXFLT
SYS: STRIP

[ DESCRIPTION:

Uses the address in Col. 9-16, converted to octal, as the
location to be corrected. Columns 25 to 40 are converted to floating point

binary using SFXFLT and stored in the specified location.

Ii
Ii
I
I
I



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
GETBL
(SYS)
11/30/62

PURPOSE: To set mode of subroutine SCANON to ignore or retrieve

blanks

CALL SEQUENCE:

(1) To retrieve blanks: (2) To ignore blanks:

JMP GETBL JMP IGBL

INPUTS: None

OUTPUTS: None

STORAGE
REQUIREMENTS: Part of SYS

SUBROUTINES: None

I
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I SIMLATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENTGLOP
(SEA)
11/30/62

!
J PURPOSE: To convert specified data words to BCD suitable for output

purposes and output the converted group using PANT.

j CALL SEQUENCE:

(1) THA CWORD
iMP. GLOP.LOP

This prepares specified data words for printing and jumps
to PANT to put the line on magnetic tape.

(2) TVA& CWORD
imp GOP.TGLOP

SThis prepares specified data words for TTY punching and
jumps to TPANT to put image on magnetic tape.

[(3) THA CWORD
JHP GLOP. PGLOP

This prepares specified data words for card punching and
jumps to PPANT to put image on magnetic tape.

[ INPUTS:

GLOP uses an indirect calling sequence, i.e., the parameters
need not be in line in the user's coding. The control word is of the form:

L CWORD C/HLT,O;C/TIJL,FWORD, Xi

FWORD is the first of a string of format words located in sequential core
locations, and Xi may be any non-counting index register, except 1,2,3,4.
If the programmer desires to put more than one sequence of format wordsI together to specify a line of output, the code word has the format:

L CWORD C/TMA,CWORD2;C/TIJL,FWORD2,Xi

heCWORD2 is the location of another code word of the same form. When the left
half of CWORD is zero, the end of the string of code words is signified. A

string of CWORDs need not be in sequential core locations.I
"I|



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
GLOP
(SEA)
11/30/62
(continued)

Example

TMA WCORD

imp GLOP, GLOP

CWORD C/TMA,CWORD2 ;C/TIJL,FWORD

CWORD2 C/TMA,CWORD3 ;C/TIJL ,FWORD2

CWORD3 C/HLT,O ;C/TIJL, FWORD3

This calling sequence would cause GLOP to use as format words the three
strings beginning at locations FWORD,FWORD2,FWORD3. The strings of for-
mat words would be processed in the order given. See Description for the
details of the format words.

OUTPUTS: A 15 word output buffer (GLOP.BUFF) moved to the proper
buffer in PANT.

STORAGE
REQUIREMENTS: 210 Cells

SUBROUTINES: Common: PANT

DESCRIPTION:

The format words specify the various types of output de-
sired and how they are to be positioned on the line. In general, the for-
mat words are of the form:

L FWORD MODE P*128 + F
FLAG DATA, Xi

Location FWORD is the first word of a sequence of format words - one word
for each field on the line. The parameters which must be specified by the
format words are:

1. P - the position of the field on the line.
2. F - the number of characters in the field.

Ii
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I SI•ULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
GLOP
(SEA)
11/30/62
(continued)

3. DATAXi - the location of the data.
4. MODE - the mode (0 to 6) of conversion to alphanumeric.
5. FLAG - the end of the format sequence.[ 6. The scale factor, if a fixed point number is involved.

Each conversion mode requires its own parameters; however, some parameters[ are common to all modes and will be discussed here.

The parameter P is used in all modes and is defined as the
right-most print position of the data being processed. Its range is O<1P•2O
for hard copy, O<80 for cards, and 0<<72 for teletype. The burden is on
the user to insure enough room on the line for the information, without over-
lap. If an attempt is made to put more than one character in any one print

I position, the last character specified will be the one used.

The end of the format sequence is indicated by the command
in the right half of the format word, "FLAG". If this command is "TMA" theIi GLOP conversion continues with the format word in the next sequential core
location. If it is "CAM" the sequence is terminated and GLOP processes the
next control word. This is specified in the left half of the previous con-
trol word. If the left half of the previous control word was a "HLT,O,"
all conversions have been finished and the line will be transferred from
the line buffer to the output buffer. If the left half of the last control[ word was a I'"A, CWORDn", CWORDn is processed by GLOP.

Each conversion mode will now be taken up in turn.

I Mode 0 - Alphanumeric Data - No conversion

Format: HLT P*128 + F
j FLAG DATA, Xj

F is the number of characters to be placed into the line
buffer starting with the first character in location DATA, Xj. The last
of these characters will be in position P. Xj may be any non-counting
index register except lX, 2X, 3X or 4X.

I
I



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
GLOP
(SEA)
11/30/62
(continued)

The range of F<is 0 F<l20.

Mode 1 - Fixed point binary to fixed point decimal.

Format: JBT P * 128 + F
FLAG DATA, Xj
D/X

F is the number of fractional digits to the right of the
decimal point, the last being in print position P. As many places as are
necessary to print the number, and its sign, are taken to the left of the
decimal point. The total number of digits, both integral and fractional
may not exceed 14.

X is the scale factor of the fixed point binary number in
location DATA,Xj. Xj may be any non-counting index register except lX, 2X,
3X or 4X.

Mode 2 - Floating point binary to fixed point decimal.

Format: ICOZ P * 128 + F
FLAG DATA, Xj

The format for Mode 2 is exactly the same as for Mode 1
except for the scale factor, which is not used. If F is zero, no decimal
point is printed.

Mode 3 - Fixed point binary to floating point decimal.

Format: NOPL P * 128 + F

FLAG DATA, X
D/X .1

F is the total field size, with the right-most character
in position P. The printed number will look like +mmm ... mmln*ee, where m
is a mantissa digit and e is an exponent digit. The field is from the lead-
ing sign to the final e, and may not exceed 16.

Only the number of exponent digits required to expressed
the number will be printed. If the exponent is zero, the mantissa takes the
entire field.

[I



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
GLOP
(SEA)
11/30/62
(continued)1

I X is the scale factor of the fixed point binary number in
location DATA, Xj. Xj may be any non-counting index register except 1X,
2X, 3X or 4X.

Mode 4 - Floating binary to floating'point decimal.

Format: TIO P *128 + F
I FLAG DATA, X

The format for Mode 4 is exactly the same as for Mode 3,

with the exception of the scale factor, which is not used.

Mode 5 - Fixed binary integer to decimal integer.

I Format: TCM P * 128 + F
FLAG DATA, Xj

I F is the number of right' shifts required to scale the word
in location DATA, Xj 47; i.e., if one has an integer in the right half address
(scaled 39), an F ol 8 will cause the number to be scaled 47 before conversion.
If the word in DATA, I is scaled 47, F should be - 0. The integer will be
printed as [ decimal i~teger with the low order digit in position P. As many

characters as necessary will be used to express the number. Leading zeros
or a plus sign will not be printed; if the number is negative, a leading
minus sign will be printed.

[ Mode 6 - Binary to octal.

Format: SKC P * 128 + F
FLAG 4DATA, X

The binary word will be printed in octal in the form
xxxx xxxx xxxx xxxx. Nineteen print positions are used. The right-most[ octal digit is placed in position P. F is not used.

I
I
I
I



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
HEAD
(SEA)
11/30/62

PURPOSE: To output page headings on printed output.

CALL SEQUENCE: JMP HEAD

INPUTS: None

OUTPUTS: Page eject, system page heading, 2 line spaces

STORAGE
REQUIREMENTS: 54 Cells

SUBROUTINES: Common: PANT, GLOP



I

SSIMULATION ERROR ANALYSIS SYSTD4 PROGRAM DOCUMEIT
ICARD
(SEA)
11/30/62

I
PURPOSE: To control the conversion of a simulation parameter card

into IBLOC format.

i CALL SEQUENCE: JMP ICARD

INPUTS: XR3 - Location of card image
LIBLOC - C/HLT, IBLOC; C/HLT, IBLOC + 700
ISTB - C/HLT, IBLOC; C/HLT, 0 (initially)

OUTPUTS: Left address of ISTB is incremented by 7 and the rightf address of LOCI is set equal to it

ICOUNT is incremented by 1

I Sets I card bit (Bit 3 - 1) in core location CARDS

STORAGE
REQUIRMIENTS: 13 Cells

SUBROUTINES: Common: SPARK, CARDER

I DESCRIPTION:

The output listed is obtained only if no error is encountered
during card conversion. The maximum number of cards that will be accepted
is 100; those in excess of 100 will be rejected with an error comment.

J Also see SPARM.

I
I
I
!
I
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
IGET
(SEA)
11/30/62

PURPOSE: To retiexeone set of simulation parameters from IBLOC

CALL SEQUENCE: (1) To initialize: (2) Normal:
JMP INITI JMP IGET

+lH imp (END)
+2H (NORMAL)

INPUTS: LOCI - C/HLT, IBLOC; C/HLT, 0
Termination indicator for IBLOC must be 48/0
EIMTYP = OOOOOOOX, X - Element type (A, B, C, D)
IBLOC

OUTPUTS: END = End of IBLOC, NORMAL: A Reg = STAID

STAID
OTYPE
VTYPE
DIRI (See IBLOC format for contents of core
DIRF locations)
NUSEG
SEGNOS
HI
HF
IDELTAT
ROMAX

STORAGE
REQUIREMENTS: 30 Cells

SUBROUTINES: None

DESCRIPTION:

It is necessary to "JMP INITI" only before the first
"JMP IGET". INITI sets the beginning address of IBLOC. With every call
of IGET this address is modified to retrieve the next set of simulation
parameters. If EIMTYP is not available, it is necessary to "JMP EUNPCK"
to retrieve it. EU,4TYP is tested; if it is = C or D, VTYPE is made non-
visual (-0). The maximum number of sets of simulation parameters is 100.



I
SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT

KL0K
(SEA)
11/30/62

I

f PURPOSE: To read the Accounting Clock in 4-bit BCD format.

CALL SEQUENCE: JMP KLOK
TAM (RESULT)

INPUTS: None

I OUTPUTS: Result - OYYWMDDHIHQt M (4-bit BCD)

R Implied decimal

STORAGE

REQUIREMENTS: 10 Cells

I SUBROUTINES: None

DESCRIPTION:

Since the Accounting Clock does not contain the year,
the last two digits of the year in core location ZYEAR is converted to
4-bit BCD and inserted in bits 4-11 of the result. ZYEAR must be
updated yearly.

I
I
I
I
I
1
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
LSQ
(SEA)
11/30/62

PURPOSE: To form a least squares matrix and solve the matrix
equation Ax - B for x; where

LC1c1 ZClC 2 ....... ECln ZClCn + 1

ZC C2 ZC22 . . . . . . . .  2n EC 2C n 1

A= B=

ZCnC1 ZCC 2  ZCnCn C Cnn + 1

CALL SEQUENCE: (1) To set n
TMA CWORD
JMP CHGNXN

OWORD = C/HLTL, n (n< 7)

(2) To initialize the routine (Zero A and B matrices)
JMP LSQ

This will jump to a routine call FUNCT for the first
set of terms C1 to Cn+l

(3) To add to the matrix A and B
JMP LS

C1 to Cn+l are to be located in cells TERMS to TERMS + n.

This will jump to FUNCT for the next set of C's.

(4) To solve the matrix equation
JMP LSQS

Solves the matrix equation, leaving the solution in
LSQX to LSQX + n - 1.
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
LSQ
(SEA)
11/30/62

I

j (Continued)

STORAGE
REQUIREMENTS: 141 Cells

SUBROUTINES: Philco: FMAINO FMAMU

I DESCRIPTION:

The top half of matrix A is accumulated at each entry to
LSQR. When entry is made to LSQS, the terms qf A are placed in the bottom
half, then entry is made to the standard Philco matrix inversion and
multiplication subroutines.

1J

I

I

I

I
I
I
I
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SIMULIATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
MCARD
(SEA)
11/30/62

PURPOSE: To control the conversion of a standard deviation and bias card
into SGBLOC format.

CALL SEQUENCE: JMP MCARD

INPUTS: XR3 - Location of card image
LSGBLOC - C/HLT, SGBLOC; C/HLT, SGBLOC + 900
SIGSTB = C/HLT, SGBLOC; C/HLT, 0 (Initially)

OUTPUTS: The left address of SIGSTB is incremented by 9 and the right
address of LOCSIG is set equal to it.

SGCOUNT is incremented by 1

Sets M card bit (bit 4 = 1) in core location CARDS

STORAGE
REQUIREMENTS: 11 Cells

SUBROUTINES: Common: CARDER, STDEV

DESCRIPTION:

The output listed is obtained only if no error is encountered
during card conversion. The maximum number of cards that will be accepted is
100; those in excess of 100 will be rejected with an error comment.

Also see STDEV

.i
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I SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
MCCON
(SEA)
11/30/62

PURPOSE: To convert a Monte Carlo (MOCARO) Control Card

CALL SEQUENCE: JMP MCCON
JAZ (ERROR)

INPUTS: MOCARD Control Card
CCARD
KKAX - D/100(T47)

OUTPUTS: K - Number of contaminated observations to be generated (T47)
FIRSTRN - Beginning random number (T47)
COFLAG - Monte Carlo output option (T47)

STORAGE
REQUIREMENTS: 35 Cells

SUBROUTINES: Common: SFXINT, CARDER, PANT

ii DESCRIPTION:

Core location CCARD is checked to see that a Monte Carlo
Control Card has not been converted for the case. If one has been processed,
the current one will be rejected with an error comment and the A Reg - 0;
if not, the card will be converted. K will be tested to see that it is less
than KQAX. If it is not, or if there is an error on conversion, an error
comment will be printed and the subroutine will exit with A Reg - 0. If

the card conversion is successful, Bit 2 will be set - 1 in core location
CCARD.

I
I
!
I
!



SIMULATION ERROR ANALYSIS SYSTEM PRO(RAM DOCUMENT
MNREP
(SEA)
11/30/62

PURPOSE: To compute position and velocity at a specific time.

CALL SEQUENCE: JMP MNREP

INPUTS (All floating point): 7/2

XJGRCF ke JJa 0 or 1.20717162 x 10- min

CO Perigee drag parameter C0 (days/rev)

HXO Inertial X component of h (Earth radii) 2

angular momentum x k-I min
e

HYO Inertial Y component of h (Earth radii) 2

angular momentum y k" -ain
e

HZO Inertial Z component of h (Earth radii) 2

angular momentum z -ik mmn
e

AXNO N component of a = eP axN

AYNO M component of a = eP ayN

XLO Mean longitude L(Radians)

T Elapsed time since t - t (min)
epoch conditions 0

OUTPUTS (All floating point):

x Inertial X component of x Earth radii
position at time t

Y Inertial Y component of y Earth radii
position at time t

.1

.I
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I SIMULATION ERROR ANALYSIS SYSTEI PROGRAM DOCUMENT
MNEEP

(SEA)
11/30/62
(continued)I

OUTPUTS (All floating point): (continued)

Z Inertial Z component of z Earth radiij position at time t

XDOT Inertial X component of . Earth radii
velocity at time t x k"I min

e

Earth radiiYDOT Inertial Y component of J k-1 min

keEarth radii

ZDOT Inertial Z component of z -rl mii

e
STORAGE

REQUIREMENTS: 200 Cells

SUBROUTINES: Philco: FSIN, FCOS, FSORT

i DESCRIPTION:

Given the six orbital quantities, aN, a N' h x , h, hz and
L, along with the quantities t - to, Co, and XJGRCF, MNREP will compute and
output position r and velocity i. The input quantity, XJCRCF = k 4ý, Ja2

controls the method of computation of r and i (i.e., XJGRCF - 1.28717162 x 10
includes the perturbation effects in the computation of r and f, XJGRCF - 0
bypasses al perturbation effects and computes the two body j and j). By
means of initializing checks, the routine establishes whether the incoming
element set had been used previously. If so, it bypasses a portion of the
computation that would be redundant, thus saving computation time.

I
I

I

I



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
MNREP
(SEA)
11/30/62
(continued)

The formulation used in the MNREP subroutine is presented
below. Reference may also be made to the enclosed flow diagram for the
logical sequence of computation.

(1) Compute the preliminary quantities:

P0  = h2 + h2 + h2
0o Yo Z0

2 2 2
e 2 a + a
0 X N YN 0o 0

80 = po( - eo)

n ke%41 / a3/2
0e 0

W - ho/ T
. rlO

sin i - W2

0

cos i - W
z0

i = tan- (sin i/cos i) o < i <

cos D . -W /sin i
o Yo

sin S1 - W /sin i •
o x

0

o tan '(sin Qo/cos p)

q 0 a80 (1- e0 )

t
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
SMNREP
(SEA)
11/30/62
(continued)

1 (2) For simplified general perturbations computation,
i.e. when XJGRCF 0 0, compute the perturbative
coefficients c", k K' and k L'

C" = -360 n2 Coso

kJ, V k j2 / 7/2
e e a 0o

e

ae
k kL' - k1 L~eJP 2 /P7/2] -35. 3Csi 11e2

680o ~ a1P 0 03 2e ( 0e

sin2 i(4 -2 e2)]

In two body computation, i.e. when XJGRCF = 0, the above
coefficients are identically zero.

1. (3) Compute the perturbed orbital elements:

a 1 a [ - co (t-to)]

J n = k e T /a3/2

e I - ao/a, FOR a >q

= 0 , FOR a <q

Sq 0o (1 + e)

dt -k ' cos i (1 e 2)do de

11= / + dL11 (t'to

I
I
I



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
MNREP

(SEA)
11/30/62
(continued)

d-=w = k i- (5 cos 2 i 3 1)(1 - - e2)
dt e 2 2-)1-e

(0 = W - w = (t t)a dt 0

axN - eeo (a coss -aa sin ws)
0N XN Y

0 0
•, e

a - a sin w + a cos )
0 0 0

L L° + (n + k eL;o) (t - to) + noC" (t - to)

(4) Compute U and the components of the vectors M, N, W:

w - sin o sin ix

W = cosilsin i
y

W = cos iz

M = - sin Slcos ix

M = cosilcos i
y

M = sin ia

N = cosfx

N = sin S"
y

N = 0z
U = L - Dl, IF W > 0

= L+ 1, IFW < 0
z
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SIMULATION ERR1OR ANALYSIS SYSTEM PROGRAM DOCUMENT
MNREP
(SEA)
11/30/62
(continued)

J (5) Compute (E +w) by iteration:

E + w- U + a sin (E +C0) - ayN cos (E +(u)

(6) Compute the additional auxiliary quantities:

i e cos E - axN cos (E +W) + aYN sin (E +0)

e e sin E - axN sin (E +w) - ayN cos. (E +w)

r - a (1 - e cos E)

f - ( 4 •4a,/r) e sin E

r -( d i ? t / r ) 1 F 7 - e si n E
a [a 

I -
cos u - a Foi (E +co) - aXN + a 1 in

1 (7) Compute the components of the unit vectors _U and _V:

_u= N cos iN sin uI V -N sin u+ N cos u

(8) The position and velocity vectors are then obtained
directly:

r= r U-* x,y,z
= _U + r ý _V -4 , ,

I
I
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SIMULATION EROIR ANALYSIS SYSTEM PROGRAM DOCUMENT
NODN
(SEA)
11/30/62

PURPOSE: To obtain a number randomly from a normal distribution.

CALL SEQUENCE: JMP NODN
A M (RESULT)

INPUTS: See Description

SOUTPUTS: RESULT - Normal deviate (Floating point)

STORAGE
REQUIREMENTS: 79 Cell.

SUBROUTINES: Common: REDN

I DESCRIPTION:

Since this subroutine uses REDN, it is necessary to initialize
it as required (see REDN). Given a random number between 0 and 1, NODN will
do a table look-up and interpolation to find the normal deviate.

I
I

I



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
OBCARD
(SEA)
11/30/62

PURPOSE: To control the conversion of a system observation card
(internal format, Col 80 - 0) into OBLOC or COBLOC format.

CALL SEQUENCE: (1) For OBLOC: (2) For COBLOC:

JMP OBCARD JMP OCCARD

INPUTS: See: OBSCRD

OUTPUTS: See: OBSCRD

STORAGE
REQUIREMENTS: 4 Cells

SUBROUTINES: Common: OOCARD, OBSCRD, COBCRD

DESCRIPTION:

OBCARD modifies subroutine OBSCRD to accept system observa-
tion cards; then transfers control to OBSCRD. Subroutine OOCARD is used in
place of OBSERV. The OBCARD entrance is used in converting cards for OBLOC,
and the OCCARD entrance is used in converting cards for COBLOC.

J1
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
OBPCK
(SEA)
11/30/62

!

I PURPOSE: To pack one simulated observation into OBLOC

CALL SEQUENCE: (1) To initialize: (2) Normal:

JMP IOBPCK JMP OBPCK

S+ 1H Jmp (END)

+ 2H (NORMAL)

INPUTS: LOBLOC * C/HLT, OBLOC; C/HLT, OBLOC + 3000

STAID
OTYPE
RANGE (See OBLOC format for contents of core locations)
ALPHA
DELTA
RODOT
T

OUTPUTS: One simulated observation in OBLOC (See OBLOC format)

END - OBLOC full (See Description)

STORAGE
REQUIREMENTS: 48 Cells

SUBROUTINES: Common: PANT, GLOP, PAGECON

Program: OBPCKS, OBPCKA

DESCRIPTION:

It is necessary to "JMP IOBPCK" only before the first
"JMP OBPCK". IOBPCK sets the beginning address of OBLOC. With every call
of OBPCK this address is modified in order to pack the next observation
successively; a program subroutine OBPCKS packs one observation. 500 obser-
vations may be stored in OBLOC. Observations in excess of 500 will be
printed by program subroutine OBPCKA.

I
"IX

I



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
OBSCRD
(SEA)
11/30/62

PURPOSE: To control the conversion of a standard SPADATS observa-
tion card into OBLOC or COBLOC format.

CALL SEQUENCE: (1) For OBLOC: (2) For COBLOC:

JMP OBSCRD iMP COBCRD

INPUTS: XR3 = Location of card image
EBLOC

(1) For OBLOC entrance:

LOBLOC - C/HLT, OBLOC; C/HLT, OBLOC + 3000

OBSSTB = C/HLT, OBLOC; C/HLT. 0 (initially)

(2) For COBLOC entrance:

LCOBLOC - C/HLT., COBLOC; C/HLT. COBLOC + 3000

COBSTB = C/HLT, COBLOC; C/HLT. 0 (initially)

OUTPUTS: (1) For OBLOC entrance:

Left address of OBSSTB incremented by 6 and right
address of LOOBS set equal to it. OCOUNT incremented
by 1.

(2) For COBLOC entrance:

Left address of COBSTB incremented by 6 and right
address of LOCCOB set equal to it. COCOUNT incremented
by 1.

Bit 46 set to I in location CARDS to indicate a successful read.

STORAGE
REQUIREMENTS: 45 Cells

SUBROUTINES: Common: OBSERV, PANT, CARDER
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUhENT
OBSCRD
(SEA)
11/30/62
(continued)!

I DESCRIPTION:

OBSCRD and COBCRD are similar subroutines, differing only
as to which block is used for output: OBLOC (Observation Block) or COBLOC
(Contaminated Observation Block). It is necessary for element cards to be
entered before observation cards. If not, the observation card is rejected
and an error comment is printed. Standard SPADATS observation cards are
not allowable for element types C and D; they will be rejected with an error
comment if encountered. The output listed is obtained only if no error is
encountered during card conversion. The maximum number of cards that will
be accepted is 500; those in excess of 500 will be rejected with an error
comment.

Also, see OBSERV.

i"
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
OBSERV
(SEA)
11/30/62

PURPOSE: To convert a standard SPADATS observation card into
OBLOC or COBLOC format.

CALL SEQUENCE: TMA (WORD)
JMP OBSERV
JAZ (ERROR)

INPUTS: WORD-- C/HLT, (card address); C/HLT (Block address)
EBLOC

OUTPUTS: ERROR = Error on conversion
One observation entered in OBLOC or COBLOC

STORAGE
REQUIREMENTS: 109 Cells

SUBROUTINES: Common: CARDER, PANT, SXRSRCH, BCDFD

DESCRIPTION:

This subroutine unpacks SPADATS observation cards into
OBLOC or COBLOC. If an error is found, a comment will be printed and the
nocmal exit will be taken with the A Reg. = 0.

7
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
OBSGET
(SEA)
11/'30/62

1
I

PURPOSE: To retrieve one simulated observation from OBLOC.

SCALL SEQUENCE:

(1) To initialize: (2) Normal:
JMP INITOBS JMP OBSGET,

+1H JMP (END)
+2H (NORMAL)

INPUTS: OBLOC
"LOCOBS - C/HLT, OBLOC; C/HLT, 0
Termination indicator for OBLOC must be 48/0

SOUTPUTS: END - End of simulated observations
NORMAL A Reg - STAID
STAID
OTYPE
RANGE (See OBLOC format for contents of core locations)
ALPHA
DELTA
RODOT
T

STORAGE
REQUIREMENTS: 20 Cells

SUBROUTINES: None

DESCRIPTION:

It is necessary to "JMP INITOBS" only before the first
"J MP OBSGET". INITOBS sets the beginning address of OBLOC. With every

call of OBSGET this address is modified to retrieve the next successive
* simulated observation. The maximum number of simulated observations is 500.

I
!
I
!



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
OOCARD
(SEA)
11/30/62

PURPOSE: To convert a system observation card (internal format,
col 80 - 0) into OBLOC or COBLOC format

CALL SEQUENCE: TMA (WORD)
JMP OOCARD
JAZ (ERROR)

INPUTS: WORD = C/HLT, (Card address); C/HLT (Block address)

OUTPUTS: ERROR - Error on conversion
One observation entered in OBLOC or COBLOC

STORAGE
REQUIREMENTS: 21 Cells

SUBROUTINES: Common: SXSRCH
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
PAGECON
(SEA)
11/30/62

I

I PURPOSE: To provide a central control for printed output formats.

CALL SEQUENCE: TMA (WORD)
imp JPAGECON

INPUTS: WORD = C/HLT, (N); C/HLT, 0, (N - number of lines of
T output)

OUTPUTS: A Reg - 0. Start of new page.

STORAGE
REQUIREMENTS: 7 Cells

SUBROUTINES: Common: HEAD, PANT, GLOP

DESCRIPTION:

This subroutine requires initialization by subroutine
"PAGEINT" at the start of every job. It is recommended to use PAGECON
at least after every 5 lines of output. To force a new page, set N - 70.
The subroutine keeps a line count for the current output page. When the
count ise55, it will eject the page, put out a new heading, space 2
lines, and exit with the A Reg = 0.

i
1
I
I
I
I



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
PAGE INT
(SEA)
11/30/62

PURPOSE: To initialize HEAD and PAGECON.

CALL SEQUENCE: JMP PAGEINT

INPUTS: None

OUTPUTS: None

STORAGE
REQUIREMENTS: 13 Cells

SUBROUTINES: Common: AKLOK, BCDCLK, HEAD

DESCRIPTION:

This subroutine initializes HEAD and PAGECON in the
following manner:

1. Sets page number to 1

2. Uses Accounting Clock to set up BCD date and time of
the start of run

3. Sets up the case ID and sequence number

4. Outputs the first page heading and sets the line count



I

SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
PANT
(SEA)130/62

I

SNAME: PANT

PURPOSE: To edit output and control writing of output buffers on
magnetic tape.

STORAGESREQUIREMENTS: 806 Cells

SUBROUTINES: None

DESCRIPTION:

7' PANT edits all alphanumeric output data properly for the
mode desired, accumulates each type in a separate buffer, writes out the
buffer onto magnetic tape when it is full, and resets the buffer to the
appropriate filler characters.

-. The three modes of output that PANT can edit are hard-copy
(printer) teletype (TTY) and punched cards in tie code-mode. The hard-copy
is accumulated in PANT, BUFF; TTY in PANT.BBUF; and punched cards in PANT.
PBUF. When processing the output tape off line, hard copy is in data select
0; punched cards in data select 2, and teletype in data select 4. The
punched cards are in code-mode with the PCC (punched card controller)set
to 10 words/card, 12 cards/block, and the "Sense Control Characters Switch"
set to ignore.

PANT contains all its own output processing logic, includ-
ing TIOs and skip check orders. Mode 3 writes are used which will nor-
mally handle parity and sprocket errors. In the case of block marks, PANT
rewrites the block and indicates via a flex typeout that an improper block
mark was encountered. Duplicate output may result in this case. Errors
requiring operator action are indicated on the flexowriter. If PANT re-
issues an order ten times without successfully writing the block, it will
rewind the output tape with lockout (no wrapup), and type on the flex
calling for a new output tape.

PANT has many entrances which are explained in detail on
the following pages.

I
I



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
PANT
(SEA)
11/30/62
(continued)

CALL SEQUENCE: JMP PANT.PAGE

INPUTS: None

OUTPUTS: Page eject on hard copy

DESCRIPTION:

It places a page eject in the hard copy output buffer
followed by an end-of-line control character.
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
PANT
(SEA)
11/30/62
(continued)

I
CALL SEQUENCE: TMA (WORD)

iMP PANT.PINT

INPUTS: WORD - C/HLT,N;C/HLT, TABLE Form 1
or N/XT23 Form 2

o2In Form 1, the sum of TABLE + N is the location of a cell
containing the desired tape number (O/T23) Eg TABLE + 5
"contains 0/5T23.

In Form 2, X - tape number desired

OUTPUTS: PANT initialized with buffers and counters all preset.

DESCRIPTION:

PINT initializes all 10 and skip check orders to the tape
number specified. It also sets all counters to the beginning address of
the three output blocks (BUFF, BBUF, PBUF). It also sets the first word

£ of each buffer to the proper data select (0 for printing, 2 for punched
cards, 4 for TTY) and the remaining words in the buffer to the proper fill
characters.

PINT will destroy any information contained in PANT's

output buffers.

I
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
PANT
(SEA)
11/30/62
(continued)

CALL SEQUENCE: TMD (WORD)
JMP PANT.PANT

INPUTS: WORD = C/HLT,N;C/HLT,BUFFER
N = No. of Words
BUFFER = Beginning address of alphanumeric data

OUTPUTS: Alphanumeric data in hard-copy output buffer or written
on magnetic tape

DESCRIPTION:

PANT moves N words from Buffer to Buffer + N - 1 into
the output buffer for hard-copy (PANT.BUFF). When PANT.BUFF contains
113 words or more, PANT writes it on magnetic tape, and resets it to
fillers plus a data select word and an end of block word.
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
PANT
(SEA)
11/30/62
(continued)I

CALL SEQUENCE: TMD (WORD)
JMP PANT. TPANTA

Sor
orJmp PANT. TPANT

INPUTS: WORD = C/HLT, N;C/HLT, BUFFER
N o No. of words
BUFFER - Beginning address of alphanumeric data

PANT.TPANT assumes N - 15, BUFFER - GLOP.BUFF

OUTPUTS: Alphanumeric data on the teletype output buffer or
written on magnetic tape.

DESCRIPTION:

PANT moves N words from Buffer to Buffer + N - I into the
teletype output buffer (PANT.BBUF). When PANT.BBUF contains 127 words
plus a data select word, PANT writes it on magnetic tape and resets the
buffer to letters characters (378).

If the user wants to use the same GLOP.BUFF output which
has just been put on hard copy for teletype output, he should jump to

* PANT.TPANT. This entrance assumes N = 15, BUFFER = GLOP.BUFF.

In order to minimize the number of characters in a line,i TPANT will recognize a 328 (filler character) as the end of the teletype
line and convert it to two carriage returns and a line feed (5555758).
If the user does not have a 32 in his output data, TPANT will put the two
carriage returns and line feed after the last character of the last word,
(8th character of Buffer + N - i). When using TPANT, one should always
output the 328 character immediately following the last column used to
minimize the amount of teletype tape punched and the amount of transmission1 time necessary to send the message. This is especially important when using
GLOP.BUFF either via GLOP.TGLOP or PANT.TPANT.

I
I
I



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
PANT
(SEA)
11/30/62
(continued)

CALL SEQUENCE: TMD (WORD)
JMP PANT.PPANT

INPUTS: WORD = C/HLT, N;C/HLT, BUFFER
N = No. of words
BUFFER = Beginning address of alphanumeric data

OUTPUTS: Alphanumeric data in the punched card output buffer or

written on magnetic tape in proper format for punching.

DESCRIPTION:

PPANT moves N words from Buffer to Buffer + N - 1 into
the punched card output buffer (PANT.PBUF). It then sets the next "10-N"
locations equal to blanks. If N is greater than 10, PPANT only accepts
the first 10 words of BUFFER. When PANT.PBUF has 12 card images (or 120
words plus a data select word), it is written on magnetic tape and reset
to fillers ( 3 28). Cards are punched with the PCC (punch card controller)
set at 10 words/card, 12 cards/block, and sense control characters to
ignore.
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
PANT
(SEA)
11/30/62
(continued)I

CALL SEQUENCE: JMP PANT.SPACE
or

TMA (WORD)
JMP PANT.SPACER

INPUTS: WORD - C/HLT, N
N - Number of spaces desired

PANT.SPACE assumes N - 1

OUTPUTS: Spaces on hard copy

DESCRIPTION:

Puts N end-of-line characters in the output buffer in
PANT (PANT. BUFF).

I
1
I
I
I
I
I



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
PANT
(SEA)
11/30/62
(continued)

CALL SEQUENCE: JMP PANT.TSPACE
or

TMD (WORD)
JMP PANT.TSPACER

INPUTS: WORD = C/HLT, N
N = Number of spaces desired

PANT.SPACE is the special case where N is assumed = 1

OUTPUTS: One or more line feeds on teletype output

DESCRIPTION:

The number of line feeds specified are output with a
double carriage return, preceding the last line feed. If N - 0, no
output is done and a normal return is executed.
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
PANT
(SEA)
11/30/62
(continued)

I
CALL SEQUENCE: JMP PANT.FINISH

J INPUTS: None

OUTPUTS: All hard copy output on magnetic tape with a conditional
stop character.

DESCRIPTION:

If the hard-copy output buffer is partially full, PANT
writes it on magnetic tape and resets the buffer to fillers. Then, in
all cases, a conditional stop is inserted and the output buffer is written
on tape and reset to filler characters.

I
I
I
I
I
i
I



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
PANT
(SEA)
11/30/62
(continued)

CALL SEQUENCE: JMP PANT.TFIN

INPUTS: None

OUTPUTS: All TTY output on magnetic tape with a conditional stop
character.

DESCRIPTION:

If the TTY output buffer is partially full, it is written
on magnetic tape and reset to letters characters. Then, in all cases, a
conditional stop is inserted and the output buffer is written on tape and
reset to letters characters.



I

Sn•RATION EM ANALYSIS SYSTMD PROGRAM DOCUMNT
PANT
(SEA)
11/30/62
(continued)

CALL SEQUENCE: JMP PANT.PFIN

INPUTS: None

OUTPUTS: All punched card output on magnetic tape with a conditionalI[ stop character.

DESCRIPTION:

[ If the punched card output buffer is partially full, PANT
writes it on magnetic tape and resets it to fillers. Then, in all cases,
a conditional stop character is inserted and the output buffer is written
on tape and reset to filler characters.

[
L

t
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
PANT
(SEA)
11/30/62
(continued)

CALL SEQUENCE: JMP PANT.ALLFIN (Conditional stops)
or

JMP PANT.XFIN (Absolute stops)

INPUTS: None

OUTPUTS: All output data on magnetic tape with absolute or a

conditional stops. -

DESCRIPTION:

This is equivalent to a jump to PANT.FINISH, PANT.TFIN,
PANT.PFIN. If PANT.XFIN is used, absolute, rather than conditional stops,
will be output.

I

a e
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SIMULATION ERROR ANALYSIS SYSTEM PRoGAM DOCUMENT

PRINT
(SEA)
11/30/62

PURPOSE: Output image of Col. 25 to 80 of PRINT card to hard-copy.

jCALL SEQUENCE: JMP PRINT

INPUTS: XR3 - card location

SOUTPUTS: XR3 - card location + 3
Alphanumeric data output.

STORAGE
REQUIREMENTS: 4-1/2 Cells

j SUBROUTINES: Common: CARDER, PANT, PAGECON

DESCRIPTION:

I Outputs the 7 words from card location + 3 to card
location + 9 to hard-copies, then outputs one space.

I
L

L

I:



S IMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
PEDN
(SEA)
11/30/62 ,

PURPOSE: To generate a random number.

CALL SEQUENCE:

(1) To initialize: (2) Normal:
TMA (WORD) iMP REDN
iMP REDNI TAM (RESULT1)

TQM (RESULT2)

INPUTS: WORD = First random number of the form 4K + 1, K is a I
positive integer (fixed point)

OUTPUTS: RESULT1 - Fixed point random number
RESULT2 - Floating point random number

STORAGE
REQUIREMENTS: 9 Cells

SUBROUTINES: None

DESCRIPTION:

It is necessary to initialize only once for each case or
for each time a new beginning random number is desired. REDN saves the
current random number and uses it to generate the next random number.

U
U
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
SCAN
(SYS)
11/30/62

I
!

PURPOSE: To extract a variable field on an input card.

I CALL SEQUENCE:

(1) For first field: (2) For successive fields:
JMP SCAN JMP SCANON

INPUTS: Input card

1 OUTPUTS: Wl I BCD field, blanks suppressed, right justified

W2 with leading zeros.

S1CHARCT - Left address - character count

A Reg - break character[ STORAGE

REQUIREMENTS: Part of SYS

SUBROUTINES: None

DESCRIPTION: This subroutine will extract variable fields for columns 25-

80; maximum allowable field length is 16 BCD characters. To extract the
first field, "JMP SCAN"; for successive fields, "JMP SCANON". The subroutine
will search field, suppressing blanks and storing valid characters into core
locations Wl and W2 until a break character is found (,$./;). The character
count is kept in the left address of core location 1CHARCT. Upon return,
the A register will contain the break character, right justified with
leading zeros.

If blanks are desired, precede "JMP SCANON" by a "JMP
GETBL". If blanks are desired on the first field, move core location
COL25 to core location SCANC, "JMP GETBL", and begin with "JMP SCANON"
rather than "JMP SCAN".

I



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
SCARD
(SEA)
11/30/62

PURPOSE: To convert a sensor card into SBLOC format.

CALL SEQUENCE: TMA (WORD)
iMP SCARD
JAZ (ERROR)

(NORMAL)

INPUTS: WORD - C/HLT, (Card address); C/HLT, (Block address)

OUTPUTS: ERROR Error on conversion

One sensor entered in SBLOC.

STORAGE
REQUIREMENTS: 60 Cells

SUBROUTINES: Common: SFXFLT, SFXFLTA, CARDER, PANT

Program: SCONV

Philco: FSIN, FCOS, FSQRT

DESCRIPTION:

This subroutine unpacks sensor cards into SBLOC. It
also computes X/cos e and Z by using program subroutine SCONV; these
values are also stored in SBLOC. If an error is found, a comment will
be printed and the normal exit will be taken with the A Reg - 0.

ii

I~i
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IPURPOSE: To convert floating point day. to a BCD date

CALL SEQUENCE: TA(WORD)

I

imp SDXLO0K
TAM (RESULT1)

ITQm (RESULT2)
INPUTS: WORD - Floating point days since beginning of year
OUTPUTS: RESULTI - LYY01NDD (6-Bit BCD)

RESULT2 - Fraction of days (floating point)

[ STORAGE
REQUIREMENTS: 122 Cells

SSUBROUTINES: None

[

I
I
I

ii
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
SENCARD
(SEA)
11/30/62

if

PURPOSE: To control the conversion of a sensor card into SBLOC
format

CALL SEQUENCE: JMP SENCARD

INPUTS: XR 3 - Location of Card image

LSBLOC - C/HLT, SBLOC; C/HLT, SBLOC + 600

SENSTB - C/HLT, SBLOC; C/HLT, 0 (Initially)

OUTPUTS: The left address of SENSTB is incremented by 6 and the
right address of LOCSEN is set equal to it. SCOUNT is
incremented by 1. Bit 2 of location CARDS is set to 1.

STORAGE

REQUIrZM4ENTS: 11 Cells

SUBROUTINES: Common: CARDER, SCARD

DESCRIPTION:

The output listed is obtained only if no error is en-
countered during the card conversion. The maximum
number of cards that will be accepted is 100. Those
in excess of 100 will be rejected with an error comment.

Ii
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SIM•JLATION ERROR ANALYSIS SYSTEM PROAM DOCUMENT
SENGET
(SEA)I
11/30/62

I
PURPOSE: To retrieve sensor data from SBLOC.

CALL SEQUENCE:

1 (1) To initialize: (2) To retrieve sensors
.fP INITSEN sequentially:

CA
M4P SENGET

"+ iH JMP (END)
"+ 2H (NORMAL)

(3) To retrieve a specific
sensor:

THA (WORD)
JMP SENGET

+ 1H JMP (ERROR)
+ 2H (NORMAL)

INPUTS: LOCSEN - C/HLT SBLOC; C/HLT, 0
Termination indicator for SBLOC nust be 48/0
SCOUT - C/HLT, N; C/HILT, 0 N - No. of Sensors in SBLOC
WORD - AAA NNN, N - Sensor Number
SBLOC

SOUTPUTS: END - End of SBLOC ERROR - Sensor not in SBLOC

XLAMBA
I PHIRD

OALT
XOVCT (See SBLOC format for contents of core locations)

STAID

STORAGEI TRAE27 Cells
SREQUIREMENTS: 2 el

SUIROUTINES: None

SDESCRIPTION: This subroutine may be used in two ways: To retrieve a
specific sensor or to retrieve the next sequential sensor. To retrieve a
specific sensor use call sequence (3); no initialization is required. If
retrieving sequential sensors, it is necessary to "JMP INITSEN" only before
the first use of call sequence (2). INITSEN sets the beginning address of
SBLOC. With every call of SENGET (2), this address is modified to retrieve
the next sensor. The maximum number of sensors is 100.

II



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMUNT
SEPSUB

(SEA)
11/30/62

PURPOSE: To separate a floating point number into its integral
and fractional parts.

CALL SEQUENCE: THA (WORD)
imp SEPSUB

INPUTS: WORD - Floating point number

OUTPUTS: A Reg. - Integer (F)
Q Reg. - Fraction (F)

STORAGE
REQUIREMENTS: 18 Cells

SUBROUTINES: None

IJ

Ii

ii



I SIMJLATION ERROR ANALYSIS SYSTEM PROGRAM DOCUE

SITJC
(SEA)I (•
11/30/62

[

SPURPOSE: To set the mode of the MNREP subroutine.

CALL SEQUENCE: TMA (WORD)
I imp SETJC

INPUTS: RD - fO00000000 Allow perturbations

[ .0000001 ) Suppress perturbations

OUTPUTS: X.GRC. 0 4 Suppress perturbations
[ .2071762 x 10J Allow perturbations

STORAGE
REQUIREMENTS: 4 Cells

SSUBROUTINES: None

[ DESCRIPTION:

The core location XJGRCF is set as a parameter for the
MNREP subroutine to determine whether the two-body or the simplified
general perturbations approach is used for predicting orbital position
and velocity.[

i
I
I
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
SFXFLT
(SEA)
11/30/62

PURPOSE: To convert a BCD number to a floating point number.

CALL SEQUENCE:

(1) If • 8 BCD characters: (2) If > 8 and : 16 BCD
TMQ (WORD) characters:
imp SFXFLTA THA (WORD 1)
JAZ (ERROR) TMQ (WORD 2)
TAM (RESULT) JmP SFXFLT

JAZ (ERROR)
TAM (RESULT)

INPUTS: WORD - • 8 BCD Character number
WORD 1WORD 2 > 8 and • 16 BCD Character number
WORD 2

OUTPUTS: RESULT - floating point number

STORAGE
REQUIREMENTS: 110 Cells

SUBROUTINES: None

DESCRIPTION:

The input may be of the following forms:

+xx. xx

+xx. xx + NN

+xx. xx E + NN

All blanks are ignored. Leading zeros are ignored;
trailing zeros are significant.

I~i
I!t
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S SIMULATION 33101 ANALYSIS SYSTEM POU

51003?
(SEA)I (•
11/30/62!I

PURPOSE: To retrieve one set of standard deviations and biases
from SGILOC.

I CALL SEQUENCE:

(1) To initialize (2) To retrieve sequentially:
JMP INITSIG CA

" H JMP (END)
"+ 2H (NORMAL)

S(3) To retrieve specifically:
TMA (WORD)
JMP SIGGET

+ 1H JM' (ERROR)
+ 2H (NORMAL)

INPUTS: LOCSIG w C/HLT, SGBLOC: C/ HLT, 0
Termination indicator for SGBLOC must be 48/0
SGCOUNT - C/HLT, N; C/HLT, 0 N - Number of sets in SGBLOCSWORD - 66M NNN, N - Sensor Number

OUTPUTS: END - End of SGBLOC ERROR - Set not in SGBLOC
STAID BIASRHO
SIGRHO BIASALP
SIGALP BIASDLT
SIGDLT BIASRRT (See SGBLOC Format for contents of

I SIGRRT core locations)

STORAGESREQUIREMENTS: 24 Cells

SUBROUTINES: None

I DESCRIPTION:

This subroutine may be used in two ways: To retrieve one set of
standard deviations and biases for a specific sensor or for the next sequen-
tial sensor. To retrieve a set for a specific sensor, use call sequence
(3); no initialization is required. If retrieving a set for sequential sen-
sors, it is necessary to "JMP INITSIG" only before the first use of call
sequence (2). INITSIG sets the beginning address of SGBLOC. With every call
of SIGGET (Call sequence 2) this address is modified to retrieve the next

set of deviations and biases. The maximum number of sets is 100.

an



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
SPARM
(SEA)
11/30/62

PURPOSE: To convert a Simulation Parameter Card into IBLOC format.

CALL SEQUENCE: TMA (WORD)
iMP SPARM
JAZ (ERROR)

INPUTS: WORD - C/HLT, (Card address); C/HLT, (Block address)

OUTPUTS: ERROR - Error on conversion
One set of simulation parameters entered in IBLOC - see
IBLOC format. 1

STORAGE

REQUIREMENTS: 93 Cells

SUBROUTINES: Common: CARDER, SFXFLTA, SFXFLTA

DESCRIPTION:

The subroutine converts a Simulation Parameter Card into
IBLOC format. If an error is found, the card will be rejected with an
error comment; the normal exit will be taken with the A Reg - 0.

Ii.

'I
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f SI3ILATION ERRO ANALYSIS SYSTEK PRO1I*A DOCO4'UN.

SPOUT1

(SEA)
11/30/62

U
3 PURPOSE: To output results Of a distribution of the delta classical

elements.

3 CALL SEQUENCE: JMP SPOUT 1

INPUTS: VQ Table (from STOB)
HBLOC (from STOB)
STCOUNT (counter in STOB)

OUTPUTS: Label
S1, S2, NS, I

Co, 1,1stain, emax, es 0o

Histogram

I STORAGE
REQUIREMENTS: 222 Cells

j SUBROUTINES: Comon: PANT, GLOP, PAGECON
Program: FDOUT

j DESCRIPTION:

This is a subroutine used by STOB to output the results
of a distribution of the delta classical elements. If C is not corrected,I 0
it will not be processed by STOB and SPOUT 1 will print a comment. FDOUT
is a program subroutine to output the histogram; it is also used byI'SPOUT 2.

I
I
I
I



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
SPOUT 2
(SEA)11/30/62

PURPOSE: To output results of a distribution of the delta position

and velocity elements.

CALL SEQUENCE: JMP SPOUT2 fl
INPUTS: OPOUT1

OPOUT2
VQ Table (See STOB)
HBLOC (See STOB)
OCOUNT, STCOUNT (Counters in STOB)
CASETYP (From ERP)
UNITEST (See Description)

OUTPUTS: This subroutine has several output options:

(1) CASETYP 0 2
OPOUTI - 0, Print label epoch, min. since epoch, p,

a, emin, emax
OPOUTI 0 0, Print label, epoch, min. since epoch, p,

a, emin, emax, histogram.
OPOUT2 - 0, Punch label, epoch, min. since epoch p,

O, emin , emax
OPOUT2 0 0, None

(2) CASETYP- 2 (Quad. Analysis)
STPBLOC will be built, while
OPOUT2 will be tested but OPOUT1 will be bypassed when

STPBLOC is built. Label, p, a, emin, emax will be printed.

STORAGE
REQUIREMENTS: 161 Cells

SUBROUTINES: Common: PANT, GLOP, PAGECON, SPOUT1
Program: STVQ, VQPUNCH, FDOUT (See SPOUT1), STOUT3

DESCRIPTION:

This is a subroutine to be used by STOB to output the U
results of a distribution of the delta position and velocity elements.
When this subroutine is used bv STOB, STOB will expect

UNITEST - 0/5T15 for DPVBLOC I
0/15T15 for STPBLOC

as additional input.

'I
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SIMJLATIO ERROR ANALYSIS SYSTEM PROCRA DOCUMT

STAB
I (SEA)

11/30/62

I

PURPOSE: To issue a single tab or double tab to the flexowritlee

CALL SEQUENCE:

(1) For single tab: (2) For double tab:
imp STAB JMP DELTAS

SINPUTS: None

SOUTPUTS: Tab characters transmitted to the flexowriter.

STORAGE
REQUIREMENTS: 4 Cells

SUBROUTINES: None

[

I
I

I

I



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
STDEV
(SEA)
11/30/62

PURPOSE: To convert a standard deviation and bias card (M card)
into SGBLOC format.

CALL SEQUENCE: TMA (WORD)
JmP STDEV
JAZ (ERROR)

INPUTS: WORD = C/HLT (Card address); C/HLT, (Block address)

OUTPUTS: ERROR = Error on conversion
One set of standard deviations and biases entered in SGBLOC

STORAGE
REQUIREMENTS: 45 Cells

SUBROUTINES: Common: SFXFLTA, CARDER

DESCRIPTION:

This subroutine converts an M card into SGBLOC format.
If an error is found, the card will be rejected with an error comment;
the normal exit will be taken with the A Reg - 0.

1.'

I,



SINIATIfOtI ERROR ANALYSIS SYSTEM PROGRAM D0CU114W
STLC
(SEA)
11/30/62

3 PURPOSE: To retri'eve three astrodynamical constants which vary
with the year.

im STLC

INPUTS: RIJYZAR - OOOOOOOY, Y - Significant year digit in BCD
Option: OOOONNNN, N - Full year, with program extracting

the year digit

I OUTPUTS: THGRO 9 % (Radians)
XLSUNO L (Radians)
C3 -3 (Radians)

3
STORAGE
REQUIEIMENTS: 44 Cells

SUIROUTINES: None

i DESCRIPTION:

This subroutine is only usable for the years 1957 - 1966,
as it interprets only the last digit to retrieve the constants, i.e.,
8 -. 1958, 1 -* 1961.

I

I



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
STOB
(SEA)
11/30/62

PURPOSE: To statistically process any sample size of a set of jj
variant quantities.

CALL SEQUENCE: TIJ (WORD)
TJM ST11 l
J4P STOB

INPUTS: WORD - Name of output routine
OCOUNT - 00000000 (Counter)
TEST NS - If NS >N, make NS N
VQ table must be filled in as indicated by asterisks

(STOB will fill in other values) - See attached format.
TN - Total no. of sets of quantities (D/T47)
Lable Table
Block of TN sets of quantities

OUTPUTS: 4, Ee

a, Ee2

emin, Ae,

emax, e0 , and frequency distribution (HBLOC) also
see SPOUT1 and SPOUT2

STORAGE
REQUIREMENTS: 377 Cells

SUBROUTINES: Common: SEPSUB, PAGECON, PANT I)
Program: ST13

DESCRIPTION:

This subroutine processes any sample size of a family
of variant quantities and produces a statistic characteristic of the set
of quantities. The statistic is given in terms of the mean, standard
deviation, minimum, maximum, and frequency distribution.

The label table is a B CD list of names describing the
quantities to be processed; BCD names should be centered in the required U
3 words/name (This is necessary for printing purposes). Also the names
should correspond sequentially to the quantities of the set in the block.

The block format is fixed by sets, i.e., (x", Yl'

x .Y2' 2z 2 ,P - '•xwT, YTN, zTN)" In this example there are "A"
sits of quantit h must be in the floating point format.
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sIMIaTig sERCIR ANALYSIS SYSTEM PlOiam-M m fCC~t(sTO

(SEA)
"11/30/62
(continued)

DESCRIPTIONi: (continued)

Not all quantities in a set must be processed. (VQ + 21)
must be the number of sequential quantities which will be processed. For
example, if there are 12 quantities in each set, and the lst, 2nd, 4th,and 6th are to be processed, the cells would be set as follows:

I VQ + 18 - D/12 T15
VQ + 21 - D/6 T15
VQ + 24 - 1/110101 T5

In such a case, the label table must contain labels describing the lst
6 entries in the set, although it is desired to suppress the 3rd and 5th
quantities. This is necessary because a comment is printed pertaining
to the suppressed quantities: (LABEL) - "HISTOGRAM NOT PROCESSED". If all
12 are to be processed, the label table should have 12 labels and the[ Icells would be set as follows:

VQ + 18 - D/12 T15
VQ + 21 - D/12 TI5
VQ + 24 - 12/ITlI

The subroutine will first move the appropriate label to
VQ table, and then compute or find the following values:

(1) If NS-0, thenNS-TN
If I - 0, then = 1/2 (TN) + 1

(2) Ee, Ee2  for NS quantities
I e= IS r e • 2

(3) If NS > 1, then 2 - e 1 e - 21

If NS 1, then F -e, W-0

(4) If Sl € 0, then o I p - Sli Ae -(Si + 2)am " I

If SI 0, then -max °a & . IA

(5) E e, Ze , emin, emax of TH quantities

I The subroutine will then examine each quantity and determine the cell in
the distribution in which it belongs. If the quantity is less than or
equal to o0 , it will be considered equal to eo and therefore entered in

I



I

SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT I
STOB
(SEA)
11/30/62
(continued)

DESCRIPTION: (continued) [
the first cell, otherwise the cell is determined. The integral part of

e 0o

- • 1, if fractional part 0

If the result of this equation is greater than I, the quantity will be
considered as belonging in the Ith cell. The distribution is located
in HBLOC to HBLOC + I - 1, HBLOC + 99 being the maximum. The subroutine
will go to the specified output subroutine after each quantity has been
processed as none of the results are retained in core. After processing
all quantities, the subroutine will exit. SPOUT 1 is the output routine
for the DC distribution, and SPOUT 2 for the error prediction distribution.

Ii

IL



ZUITALI3 i 0 s~0 UM3 AIUW.
£1515313 2w? US?2 1 LARL 20

AMD 00b.-TS YQ TANS l

2~ came

2 T13 WTW S-1 812 Pie. TWA SI s

10

YESl

ST 12 P ER

MMI
ST7A TO6

ST TESTS t DrS)7y
53?M 29 in0M AIL -0 aOnul Br3:L fAt=

IT it w6OUK



STOG I

0 0 MME AM1to

"0 ItI

(TwiI)+

-1 M 1 1-0 kk

Io I

It? UftMS

NA! [~-u~w, ~no
BT 62 -e) l

PAA .

4~4

+ 18

ALL NO MIML

AM'W



II
smuLATION 330 ANALYSIS SYSTEM PJim1h I3oC06 NM

STOB3 (SEA)
11/30/62
(continued)

ILocation Notation Descritton Format

VQ Label Maximum of 24 BCD characters BCD

3 4 1I> Label Describing the quantity being BCD

+ 2 Label processed BCD
+* 3 S1 Standard deviation below the mean F

+ * 44 52 Standard deviation above the mean F

+ 4 5 NS No. of quantities used to compute
range of distribution D/T47

4 6 NS No. of quantities used to compute
range of distribution F

+ 7 Addresses C/HLT, (LABEL TABLE); C/HLT,

(BU)CK ADDRESS)

+ 4 8 I No. of cells in the frequency
distribution D/T47

+ 9 e Lower end of range of distribution F

410 Ae Width of each cell in distribution F

411 emin Smallest quantity F

412 emax Largest quantity F

I 413 P Mean of NS quantities F

414 a Standard deviation of NS quantities F

1 415 N Counter (incremented by 1 until - TN) D/T47

416 ze Sum of TN quantities F

417 Ze 2  Sum of squares of TN quantities F

* 418 Block retrieval interval (7, 8, or 24) D/T15

419 NS(Same as VQ + 5) D/T39

420 I (Same as VQ + 8) F
421 No. of sequential quantities to be

processed (6, 7, 8, 24) D/T15
422 Current cell in distribution to be

incremented F
I 23 (Same as VQ + 7 - but modified)

+24 Bit* (left justified) - quantities to

process (l - yes 0 =no
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SIMJLATION ERhOR ANALYSIS SYSTEM PROGRAM DOCUMENT
STRIP
(SYS)
11/30/62

PURPOSE: To delete blanks from a BCD word.

CALL SEQUENCE: TMQ (WORD)
Jip STRIP
TAM (RESULT) V

INPUTS: WORD - 8 characters possibly containing blanks
(example: AT L ES L T)

OUTPUTS: RESULT - Word, all blanks removed, right justified with
leading zeros.
(Example: 0000 TEST)

STORAGE
REQUIREMENTS: Part of SYS

SUBROUTINES: None

!Ii

Li



I
SINJLATION ERRO ANALYSIS SYSTEM PROGRAM DOCU)4NT

SXSRCH

(SEA)1 11/30/62

I
PURPOSE: To aid in processing input cards

I CALL SEQUENCE: TMA (WORD)
Jip SXSRCH
JAZ (ERROR)

INPUTS: WORD - C/HLT, 0; C/HLT, (Address of format word list)
See description for format word list.

OUTPUTS: See Description

STORAGE
REQUIREMENTS: 91 Cells

SUBROUTINES: Comnon: CARDERB, PAGECON, SFXINT, SFXFLT, PANT.

DESCRIPTION:

The format word list is a set of parameters used to unpack,convert, and store specified fields (max. - 16 col) on input cards. A
format word has the form:

C/(Command 1), (Address 1); C/(Command 2), (Address 2)

rHLT, if alphanumeric conversion desired
Command 1 - (JBT, if fixed integer conversion desired

ICOZ, if floating point conversion desired

Address 1 - P * 128 + F, P - last column in field, O<P• 80
F - no. of columns in field, 0 <F-< 16

Command 2 - -1(A, for all format words except the lastn 2 , if last format word in list

Address 2 - Location in which converted field is to be stored

Alphanumeric conversion leaves data right justified,
preceded by blanks. If F 58, only one word will be stored in Address 2.
If F >8, two words will be stored in Address 2 and Address 2 + 1.

i Fixed Integer Conversion leaves a fixed binary integer
T47 in Address 2. The conversion will terminate on a decimal point,
therefore &675.62, AAA 75.0, and A&^AA 75 will all convert as D/75.3 Proceeding + or - signs are allowed.



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
SXSRCH
(SEA)
11/30/62
(continued)

DESCRIPTION: (continued)

Floating point Conversion leaves a floating point number
in Address 2 with one exception: If the field specified is all blanks,
Address 2 will contain OCTAL 0. Input can be any of the following formats. 1

+xxxx.xxx
+xxacxx

+_xx.xxxx+_Ixx

+_xx.xxxsixm

All preceding, imbedded, and following blanks will be
suppressed in both fixed and floating conversion. Preceding zeros will
also be suppressed. Therefore, 0 + 10 will convert as D/1O or F/10.
Depending on the type of conversion specified.

If an error occurs on any field, SXSRCH will print the
diagnostics before returning control. The entire card is always converted.

[i
LI
LI
IIl
tL
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SImLATIO ERROR ANALYSIS SYSTEM PROGRAM DOCUIENT
VECARD
(SEA)

1 11/30/62

PURPOSE: To convert a pair of variant element cards into VEBLOC
I format.

CALL SEQUENCE: TMA (WORD1)
THQ (WORD2)f J VECARD
JAZ (ERROR)

INPUTS: WORMD - C/HLT, (Card 1 address); C/HLT, 0
WORD2 - C/HLT, DEBLOC; C/HLT, VEBLOC

OUTPUTS: ERROR - Error on conversion

One set of N M elements in VEBLOC
One set of classical elements in DEBLOC -

STORAGE
REQUIREWENTS: 56 Cells

SUBROUTINES: Comnon: ELMRED, ELEMI, ELEM2, ETYPA, ETYPB, ARCTAN,
ARCCOS

DESCRIPTION:

The subroutine, will unpack cards 1 and 2; if an error
occurs a comment will be printed and the normal exit will be taken with
the A Reg - 0. Having unpacked the cards, the subroutine checks the
element type to see that it is either A or B; if not, the above error
procedure is followed. The input elements are converted to N M elements
and stored in VEBLOC. Corresponding classical elements are stored in
DEBLOC; these will be used later to create a true delta element block
(DEBLOC). The maximum number of sets of elements in VEBLOC and DEBLOC
is 100.

I

II



SIMULATIONI ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
1 NXTCON
(SYS)
11/30/62

PURPOSE: To retrieve next control line

CALL SEQUENCE: JMP 1NXTCON

INPUTS: Magnetic tape, paper tape, or flexowriter
CONBITS

OUTPUTS: See Description
STORAGE

REQUIREMENTS: Part of SYS

SUBROUTINES: None

DESCRIPTION:

This subroutine puts the next control line from the
flexowriter, paper tape, or magnetic tape into core locations CONLINE
through CONLINE + 9.

(1) Magnetic tape - Blank cards are ignored
(2) Flexowriter - Firat parameter CONLINE + 1 (Left Justified)

Second parameter CONLINE + 2 (Left Justified)
Etc.

(3) Paper tape - Same as Flexowriter

INXTCON uses bits 1-15, 21-23, 42-47 of "CONBITS", therefore the user
program must insure that "CONBITS" is properly set for its purposes.

i!

Ii.

Ii
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCU1MNT
ITYPOUT
(SYS)
11/30/62

PURPOSE: To transmit information to the flexowriter.
ICALL SEQUENCE: TMA (WORD)

imp 1TYPOUT

SINPUTS: WORD - C/HLT, (Beginning address of comment); C/HLT, (No.
of words)

OUTPUTS: Flexowriter output

STORAGE[REQUIREMENTS: Part of SYS

SUBROUTINES: None

[ DESCRIPTION:

This subroutine will transmit N words to the flexowriter;
words of trailing blanks are suppressed. However, it will not issue
carriage returns, tabs, upper and lower case shifts.

II
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SIULATION ERROR ANALYSIS SYSTEM PFXTRAM DOCUENT
SFXINT

(SEA)
11/30/62

PURPOSE: To convert BCD numbers to fixed point binary integers.

CALL SEQUENCE: TMA (WORD 1)
TMQ (WORD 2)
JMP SFXINT
JAZ (ERROR)
TQM (RESULT)

INPUTS: WORD 1

WORD 2] 16 character BCD number

OUTPUTS: RESULT - fixed point binary integer (T 47)

STORAGE
REQUIREMENTS: 110 Cells

SUBROUTINES: None

DESCRIPTION:

All blanks are ignored. Only leading zeros are ignored;
trailing zeros are significant. The conversion will terminate upon comple-
tion of converting 16 BCD characters, or finding a decimal point. If a
decimal point is found, the result in the Q register will be the integral
part of the number entered. The accumulator will not be zero in this case
(i.e. no error).

Ii
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT

SECTION 6

SYSTEM BLOCK FORMATS

The data read into the Simulation Error Analysis System and much
of the information subsequently generated must be readily accessible to
the various parts of the system. For this reason, several blocks of data
are defined in high speed core storage. These blocks have been assigned
specific formats which are described herein, each under its particular
block designation. The formats specify the words as floating point numbers
and BCD characters. In general, the BCD characters are six bit characters
yielding eight per word. Blank characters are designated by the symbol A.

In several instances, the blocks have an associated retrieval
routine (see Subroutine Section for details), which will pick a desired
entry from the block and place the data in assigned core locations.
These assigned locations, which are not necessarily consecutive, and the
corresponding retrieval routines are included where applicable. There
are a few blocks which have no retrieval routines as such, but which have
assigned storage locations where the associated quantities may be placed
by the user. Other blocks have assigned storage locations with the block
itself, and may be referred to directly by these assignments.

Figure 6-1 displays the storage assignments for all of the core
block reservations. Storage assignments are also shown for the other
system components.

6-1

I



Octal Decirnit
Use Size Equiv.

1000 . . . ... SYS 10008 51210
.OBLOC 5671 3001

6671 COBLOC 5671 3001
11 _7 IBLOC 2261 1201'

14562 • .... SBLOC 1131 601 J
15713 SGBLOC 1605 901
17520 IBLOC 1275 701
21015 E B-- ELO C is 13"21032

VEBLOC 1275 701 .1
22327 - DEBLOC 1275 701
23624

25265 POBLOC 22434 9500

27165 STPBLOC 1700 960.:
DPVBLOC 1441 801

46262 _Not 
used 4401 2305

Philco Subs 521 337,

52661 Exec 3422 1810

53402 •-OBSIM 660 432
AOTINT 1601 897

57024 Common 7012 3594
57704 Sub.

61505 _ _ /_

ERPRED 2147 1127

70517 DC 3717 1999

72666 -" __MOCARO 613 395

76605 -- / - INTERFI 140 96

77420 -- " -- CONTROLl 67 55

77560 _ - -DCDIST 131.8

77647 1/
77777

FIGURE 6-1

CORE ALLOCATION
6-2
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I SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
COBLOC

BLOCK FORMAT:

0 N N N +0 0 = Control Character, 0 O Obser-

11 1 11 vation Typre, N = Sensor

48 bit floating point +1 Number

148 bit floating point +2 p = Range (Earth radii)

-48 bit floating point +3 A, O = Azimuth or Right Ascensioa
4 f i i(Rad)

48 bit floating point +4 h, 8 - Elevation or Declination (Rad)

48 bit floating point = Range rate (Earth radii/ke min)i +5

e

etc., repeating above t = Time since epoch (Minutes)

data for each observation
to a maximum of 3000 core Data block is variable in
locations length, but must be ended

with a word of zeros
0 •1

BLOCK GENERATION: COBLOC is generated in the MOCARO unit. It also may
be generated for sequences which read in observation
cards. In these cases, COBLOC is generated by the
OCCARD subroutine for system observation cards or by
the COBCRD subroutine for SPADATS observation cards.

I.
L



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
COBLOC
(continued)

BLOCK RETRIEVAL: Entries in COBLOC can be retrieved sequentially or
by sensor number by the COBGET subroutine. An entry
to INITCOB is required in order to initialize COBGET
for the first COBLOC entry. Each reference to COBGET
will retrieve the next COBLOC observation entry if
the sensor number is not specified, placing the data
in the following core locations and word formats:

L L A A I N N N STAID

0 0 0 0 0 0 oox xxx OTYPE - Bits 44-47 Set = 0, 1
(See Note)

48 bit floating point RANGE -. Earth radii

48 bit floating point ALPHA - Radians

48 bit floating point DELTA - Radians

48 bit floating point RODOT - Earth radii/k-I min
e

48 bit floating point T - Minutes

NOTE: OTYPE has bits 44-47 set to 1 if the corresponding
quantities were simulated.

t

II

2



C
SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT

DEBLOC

V BLOCK FORMAT:

DEBLOC

1. 48 bit floating point +0 Aa (Earth radii)

48 bit floating point +1 Ae

48 bit floating point +2 Li (Radians)

48 bit floating point +3 &a (Radians)

48 bit floating point +4 ALW (Radians)

48 bit floating point +5 AM (Radians)

2
48 bit floating point +6 AC (Days/Rev2)

etc., repeating above data Data block is variable in
to a maximum of 700 core length but must be ended
locations (100 sets) Jwith a word of zeros

F-0 -0

BLOCK GENERATION: DEBLOC is generated internally by the SGPDC unit.
In SEA8 it is generated by the PREERP program
which controls the reading of Element and Variant
Element cards. In both cases the values are the
result of variant elements minus nominal elements.

L
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
DEBLOC
(continued) j

BLOCK RETRIEVAL: Entries in DEBLOC are retrieved sequentially by the
DELGET subroutine. An entry to INITDEL is necessary
to initialize DELGET to begin with the first set of
delta elements. Each entry to DELGET will retrieve
the next set of data and place it in the following
core locations and word formats:

48 bit floating point DELA Aa (Earth radii) 1
48 bit floating point DELE e

48 bit floating point DELI Ai (Radians)

48 bit floating point DELNOD All (Radians)

48 bit floating point DELOM AW (Radians)

48 bit fldating point DELMO M0 (Radians)

48 bit floating point DELCO A C (Days/Rev 2

I

4

I

I
I
I



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
DPVBLOCV

BLOCK FORMAT:

DPVBLOC

. 48 bit floating point +0 Ax or DU (Earth radii)
4 bit floatingopoiD (Earth radii)

48 bit floating point +1 Ay DV (Earth radii)

48 bit floating point +2 Az Dw (Earth radii)

- 48 bit floating point +3 DAU Ar (Earth radii)
48 bit floating point +4 Ak DU (Earth radii/k1 min)

48_ e-48 bit floating point +5 AD ýV (Earth radii/ke1 min)
Sfotigpin 6 Az DW (Earth radii/keI 1  n

48 bitflaigpit+em)
-

48 bit floating point +7 Ai I JAL I (Earth radii/k l min)
e

etc., repeating above data Data block is variable in length,
to a maximum of 800 words but must be ended with a word of
(100 sets) zeros.

BLOCK GENERATION: DPVBLOC is generated by the ERP program unit. The
contents of the block may be dejermined by testing

core location OTPFLAG: OTPFIAG =0 XUZ
I1 Uvw}

BLOCK RETRIEVAL: No retrieval subroutine exists for this block.

I

ii



S IMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT 1
EBLOC

i

BLOCK FORMAT:

EBLOC
E TAAAIIIE - Control'Character, T =Element Type
E T A A A = Element Number, N = Satellite Number

48 bit floating point +1 axN°

48 bit floating point +2 aN

(Earth radii)2 .

48 bit floating point +3 hxo ke1min

48 bit floating point +4 h (Earth radii)2

yo ke min

48 bit floating point +5 h (Earth radii) 2

zo kelmin

48 bit floating point +6 L (Radians)

48 bit floating point +7 C (Days/Rev
2 )

48 bit floating point +8 t = Time from beginning of year to epoch
0 (Days)

48 bit floating point +9 0to = Greenwich Sidereal time at epoch
(Radians)

B C D +10 YYMMDDHH
B C D +11 Y DDH ) Epoch (blank if element

B CD + M M S S type C, D)

0 f) 0 +12

Data block is fixed length (13 words)

BLOCK GENERATION: EBLOC is generated in the EXEC unit by the EL4RED
subroutine. Element cards 1 and 2 are interpreted
and converted to N M elements, to and 9 are
computed, and EPOCH time is transferred t rom Element
Card 2 to this block. Only one set of elements is
allowable for each job.
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
EBLOC

(continued)

BLOCK RETRIEVAL: Entries in EBLOC are retrieved by the EUNPCK subroutine.

Since there is one set of elements, initialization of
the routine is unnecessary. This routine places the
data in the follewing core locations:

"A A A A /\ 1 N N SATN Satellite Number

O O 0 0 0 A A A ELNO Element Number

0 O 0 0 0 0 0 0 T EITYP Element Type

0 0 0 0 0 0 0 Y REFYEAR Year of epoch

48 bit floating point AXNO

48 bit floating point AYNO

48 bit floating point HXO (Earmh radii)2
k" I1 min

e

48 bit floating point HYO (Earth rad-l )2

k 1min
e

S48 bit floating point HZO (Erth radii)

e

48 bit floating point XLO (Radians)

48 bit floating point CO (Days/Rev )

* 48 bit floating point EPOCH Same as TO (Days)

Y Y M M D D HH YY

M M SS S S S S MM

48 bit floating point THGRTO 0to (Radians)

j*

Ii
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT "'
IBLOC

BLOCK FORMAT:

IBLOC

I L I ,IV 10 IN IN IN +0 1 IControl Character, V -VType,
0 - 0 Type, N - Sensor Number

48 bit floating point +1 hi = Initial elevation (Radians) + - AM

48 bit floating point +2 hf = Final elevation (Radians) -- PM

48 bit floating point +3 =max - Maximum range (Earth radii) .

48 bit floating point +4 At - Observation interval (Minutes)

00 0 0 X X X X X X X X +5 X = Segments to use (4 Bit BCD)

Oq 0I00o0 N +6 N -Numberof segments

etc., repeating data Data block is variable in length
for each sensor to a but must be ended with a word of
maximum of 700 core zeros.
locations

BLOCK GENERATION: IBLOC is generated in the EXEC unit by subroutine
ICARD. All of the quantities are input on Simulation
Parameter cards (I cards).

I
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
IBLOC
(cont inued)

BLOCK RETRIEVAL: Entries in IBLOC are retrieved by sensor number by the
subroutine IGET. An entry to INITI is required once
Co initialize counters and addresses. Each reference
to IGET will retrieve the data corresponding to the
specified sensor and place it in the following core
locations and word formats:

A A A A A N N N STAID - Sensor Number

0 0 0 0 0 0 0 0 OTYPE - (See OBLOC format)

0 0 0 0 0 0 0 V VTYPE - V -Visual, A- Non-Visual

0 0 0 0 0 0 X X DIRI 00 (AM)
- --- -- -XX

000000 XX DIRF Ji (PM)

0 0 0 0 0 0 0 N NUSEG - Number of segments

0 0 0 0 X X X X X X X X SEGNOS - Segments to use (4 Bit BCD)

48 bit floating point HI - Initial elevation (Radians)

48 bit floating point HF - Final elevation (Radians)

48 bit floating point IDELTAT - Observation frequency (Minutes)

48 bit floating point ROMAX - Maximum range (Earth radii)

I
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
OBLOC !

BLOCK FORMAT:
OBLOC

01 61 61 O N IN +0 0 - Control Character, 0 - Observation

f IType, N - Sensor Number

48 bit floating point +1 p - Range (Earth radii)

48 bit floating point +2 A, a - Azimuth or Right Ascension (Rad)

48 bit floating point +3 h, 5 . Elevation or Declination (Rad) -.

48 bit floating point +4 p = Range rate (Earth radii/k, min)

48 bit floating point +5 t - Time since epoch (Minutes)

etc., repeating above Data block is variable in length,
data for each obser- but must be ended with a word of
vation to a maximum zeros.
of 3000 core locations

BLOCK GENERATION: OBLOC is generated in the OBSIM unit. It also may
be generated for sequences which read in observation
cards. In these cases, OBLOC is generated by the
OBCARD subroutine for system observation cards or
*by the OBSCARD subroutine for SPADATS observations
cards.

7
II
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
OBLOC
(continued)

BLOCK RETRIEVAL: Entries in OBLOC are retrieved sequentially by the
OBSGET subroutine. An entry to INITOBS is required
in order to initialize OBSGET for the first OBLOC
entry. Each reference to OBSGET will retrieve the
next OBLOC observation entry, placing the data in
the following core locations and word formats:

I, A A IA N IN STAID

O O0 0 0 0 ox xxx OTYPE - Bits 44-47 Set = 0, 1 (See Note)

48 bit floating point RANGE - Earth radii

48 bit floating point ALPHA - Radians

!43 bit floating point DELTA - Radians

4,', bit floating point RODOT - Earth radii/k- min
e

48 bit floating point T - Minutes

NOTE: OTYPE has bits 44-47 set to I if the corresponding quantities
were simulated

I..
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
SBLOC I

I
BLnCK FORMAT:

I
S A A A "A N N N +0 S - Control Character,

N - Sensor Number

48 bit floating point +1 X = Longitude, + East (Rad)

48 bit floating point +2 0 - Latitude (Rad) .

48 bit floating point +3 h = Altitude (Earth radii)

48 bit floating point +4 X/Cos e = - (C + H) cos 0 (Earth radii)

48 bit floating point +5 Z = - (S + H) sin 0 (Earth radii)

etc., repeating above
data for each sensor Data block is variable in length
to a maximum of 600 but must be ended with a word of
core locations zeros.

0• )0

BLOCK GENERATION: SBLOC is generated in the EXEC unit by the SENCARD
subroutine. All the quantities are input on Sensor
cards (S cards) except for Z and X/cos e which are
computed.

I
I
I
I
I
]L
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SIMULATION ERROR ANALYSIS SYSTE4 PROGRAM DOCUMENT
SBLOC

][ (continued)

BLOCK RETRIEVAL: Entries in SBLOC can be retrieved sequentially or
by sensor number by the SENGET subroutine. An entry
to INITSEN is required to initialize SENGET to begin
with the first sensor. The sensor number will be
placed in STAID only if sequential retrieval is used.
Each reference to SENGET will retrieve the data for
the next sensor or the specified sensor and place it
in the following core locations and word formats:

4
48 bit floating point XLAMBA (Radians)

48 bit floating point PHIRD (Radians)

48 bit floating point OALT (Earth radii)

48 bit floating point XOVCT (Earth radii)

S4 bit floating point CAPE (Earth radii)

I

L
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT I
SGBLOC

BLOCK FORMAT:

SGBLOC

GAIA16 AIN IN IN] +0 G -Control Character,
N - Sensor Numhber

48 bit floating point +1 a (Earth radii) .
p

48 bit floating point +2 a., (or) GA (Radians)

48 bit floating point +3 G6 (or) ch (Radians)

48 bit floating point +4 Uk (Earth radii/kel min)

48 bit floating point +5 aP (Earth radii)

48 bit floating point +6 ,Ža (or) aA (Radians)

48 bit floating point +7 A6 (or) Ah (Radians)

48 b it floating point +8 Ak (Earth radii/ke min)

etc., repeating above
data for each sensor Data block is variable in length,
to a maximum of 900 but must be ended with a word of
core locations zeros.

00

BLOCK GENERATION: SGBLOC is generated in the EXEC unit by the MCARD
subroutine. The quantities are input values which
are entered on Standard Deviations cards (H cards)
and are not computed by any program unit.

.1



SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
SGBLOC

I (continued)

BLOCK RETRIEVAL: Entries in SGBLOC are retrieved by sensor number by
the SIGGET subroutine. An entry to INITSIG is
necessary to initialize SIGGET. Each entry to SIGGET
will retrieve the set of sigmas and biases correspond-
ing to the sensor specified and place the data in the[ following core locations and word formats:

6 1 A 6[_jN IN IN STAID Sensor Number

48 bit floating point SIGRHO (Earth radii)

48 bit floating point SIGALP (Radians)

48 bit floating point SIGDLT (Radians)

48 bit floating point SIGRRT (Earth radii/keI min)
e

48 bit floating point BIASRHO (Earth radii)

48 bit floating point BIASALP (Radians)

48 bit floating point BIASDLT (Radians)

48 bit floating point BIASRRT (Earth radii/ke min)

i
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SIMULATION ERROR ANALYSIS SYSTE4 PROGRAM DOCUMENT 1
STPBLOC

BLOCK FORMAT: STPBLOC I
48 bit floating point +0 u (6x) or A (Du) (Earth radii)

48 bit floating point +1 a (Ax) a (DU) (Earth radii)I

48 bit floating point +2 Max (Ax) Max (DU) (Earth radii)

48 bit floating point +3 a (Ay) Ma (DV) (Earth radii)

48 bit floating point +4 a (Ay) c (Dv) (Earth radii)

48 bit floating point +5 Max (Ay) Max (DV) (Earth radii)
"48 bit floating point +56 (AZ) Ma (D) (Earth radii)

48 bit floating point +6 a (A z) a (DW) (Earth radii)
48 bit floating point +7 a (Az) a (Dw) (Earth radii)

48 bit floating point +8 Max (Az) Max (DW) (Earth radii)

48 bit floating point +9 ti IA.dr I 1 Ar I (Earth~radii) J
48 bit floating point +10 a Ar I a 1AS (Earth radii)

48 bit floating point +11 Max I Ar Max lAt I (Earth radii) ]

48 bit floating point +12 . (Ai) A. (Du) (Earth radii/ke mrin)

48 bit floating point, +13 a (Ac) C (DU) (Earth radii/k 1 rmin)

48 bit floating point. +14 Max (A,) Max (DU) (Earth radii/k min) 1

48 bit floating point +15 ji (A) M (Dv) (Earth radii/k;I min)

48 bit floating point +16 0 (Ag) a (DV) (Earth radii/kel min)

48 bit floating point +17 Max (A,) Max (Dv) (Earth radii/k;I min)

48 bit floating point +18 A (Ad) I (DW) (Earth radii/k1 min) Imn
48 bit floating point +19 0 (A •) 0 (iw) (Earth radii/kel min)

48 bit floating point +20 Max (Ai) Max (Dw) (Earth radii/keI min)

48 bit floating point +21 A. 16i I A IAA I (Earth radii/k;1 min)

48 bit floating point +22 a I Ai0 I a jAi (Earth radii/k;' mim)

4.8 bit floating point +23 Max IAi I Max IAlj (Earth radii/k; 1 min) Ietc., repeating above0

data up to a maximum Data block is variable length but
of 960 core locations must be ended with a word of zeros.
04 - 0

S~I
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|-I., s •NAoI SYssss PROGRAM DOCUMENT
STPBLOC

I- (continued)

BLOC GXINERATION: STPKOC is generated by the ERPRED unit. The contents
of the block may be determined by testing core location•. .I : : •

161 UVWJ

[BLOCK RETRIEVAL: No retrieval routine exists for this block.

I

I

[

Is
4



SWIULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT
TBLOC

BLOCK FORMAT:

TBLOC 32

0 A A V 0 N N N +0 OControl Character, V -VTYPE,
0 I OTYPE, N - Sensor Number

48 bit floating point +1 At (Minutes)

48 bit floating point +2 Pmax - Maximum Range (Earth radii)

48 bit floating point +3 ti W Beginning Time (Minutes) F

48 bit floating point +4 tf = Ending Time (Minutes) F

48 bit floating point ti = Beginning Time (Minutes)) n
Snth Pair "

.48 bit floating point tf - Ending Time (Minutes) J

etc., listing all
acquisition times Data block is variable in length
sensor by sensor to and may contain acquisition data
a maximum of 1200 for many sensors. The block must
words be ended by a word of zeros.

0 0 !

BLOCK GENERATION: TBLOC is generated by the AQTINT unit, being the -,

primary output of that program.

BLOCK RETRIEVAL: OBSIM uses TBLOC in the above format. There is no -

specific retrieval routine for TBLOC. II
II

1.
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VEBLOC

Ii

BLOMZ FORMAT:

VEBLOC

48 bit floating point +0 axN°

[48 bit floating point +1 ayNo

48 bit floating point +2 h (Earth radii) 2

xo ke min

48 bit floating point +3 h (Earth radii)2

poiyto+-ke min

48 bit floating point +4 h (Earth radii 2

I zo ker mmin

1 48 bit floating point +5 Lo (Radians)

48 bit floating point +6 Co (Days/Rev 2 )

etc., repeating above
data to a maximum of Data block is variable in length
700 core locations but must be ended with a word of
(100 sets) J zeros.

0 0

BLOCK GENERATION: VEBLOC is generated internally by the SGPDC unit.
It may also be generated for SEA8 by the EXEC
unit subroutine VECARD, which reads Variant Element
cards (V cards) into this block.

[
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SIMULATION ERROR ANALYSIS SYSTD( PROGRAM DOC INT
VE.BLOC

(continued) ]

I
BLOCK RETRIEVAL: Entries in VEBLOC are retrieved sequentially by the

EU4GET subroutine. An entry to INITEIM is necessary
to initialize EIMGET to start -with the first set of
variant elements. Each entry to EIKGET will retrieve
the next set of data and qlace it in the following
core locations-and word formats: ii

48 bit floating point AXNO

48 bit floating point AYNO

48 bit floating point HYO kErt - adimm

48 bit floating point HZO (Earth radii) 2

ke1 mmin

48 bit floating point XLO (Radians)

48 bit floating point CO (Days/Rev 2 )

S!.
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT

[

L SECTION 7

[ SYSTEM CARD FORMATS

[

Ii The card formats compatible with the Simulation Error Ana-
lysis System fall into three main categories: SYS cards, SEA cards,
and Data cards. SYS cards are designed to be used by SYS and are pro-' cessed by SYS. SEA cards are designed for the SEA System and are pro-
cessed by the SEA EXEC. The Data cards are designed to provide input
data to the SEA System and are also processed by the SEA EXEC.

SYS Cards

The card function of SYS cards is given in Columns 17-24.1. The following SYS cards are allowed during an SEA run (reference should
be made to Philco SYS documentation for interpretation and format details):I

DUMP CONIN REWIND
SNAP HLT REWINDLO
OCT REM LOCSENT
COMMAND IBIT WRTSENT
JMP ORIGIN READF
JMPL COIMON READB
JMPR MASTER WRITE

SEGMENT CLOCK

SEA Cards

The card function for SEA cards is given in Columns 17-24.
The SEA cards defined to date are:

7-1
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT

Name Figure

JOB 7-1
FLOAT 7-2
PRINT 7-3
RPL 7-4
SEA 7-5
ENDDATA 7-20
SYS 7-21
CONTROL

AQTINT 7-11
MOCARO 7-12
SGPDC 7-13
ERPRED 7-14

Data Cards

The function of Data card is indicated by a'"card type"
in Column 80. This card type is one BCD letter assigned to that card.
Data cards defined to date include:

Name Card Type Figure

SENSOR S 7-6
SIMULATION PARAMETER I 7-7
STANDARD DEVIATION M 7-8
ELEMENT CARD 1 E 7-9

'ELEMENT CARD 2 E 7-10
SYSTEM OBSERVATION 0 7-15
SPADATS OBSERVATION A,0-9 7-16
VARIANT ELEMENT 1 V 7-17
VARIANT ELEMENT 2 V 7-18
DISTRIBUTION Q 7-19

In the card figures, the letters appearing at the top of
a column in the fields of the card image, have the following meanings:

A - Entry in this field consists of letters and in general
form, a word for identification purposes A

F - Entry in this field will be interpreted as a floating
point number

I - Entry in this field will be interpreted as a fixed
point integer

0 - Entry in this field will be interpreted as octal format.

7-2
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1 2 3

JOB -.

444444444444444444444444 444444444444444444444 44444444444444444444444444444444444

I 1 71177 77711 1 177777177117 7 7 77771777 1 8117 1 7 7 17 7 7 77 11711? 117 11777111

I I I IiI I IiI 10 11111i 10 118 11 18 110 8 10 110 i11118 1110 11 0 11110i11i 10 i 11110 1118 110 a

V Field Column Description

1 1 - 16 Not used.

2 17 - 24 JOB (card function). Defines start of SYS Job.

3 25 - 80 JOB description for identification purposes.
Appears at the beginning and end of output and
on flexowriter.

L
[

FIGURE 7-1

[ JOB CARD

7-3
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1 2 3 45

O--iOl FLOAT jF 'i F -

OOI1 41 t1100 VanIl II0 31Manx up 001 14,IlI0004 4l600l0t00000OlI0 -"MaNo
S 4 I I 1 12 1111 14tS I 7 ll ll l• 7N 7 11,i N t M, , 1 IMIIýlNN HIHN I II HN NNI I i*3IIIIIII IIIIII5 IIIIIIII Ir~lU fIIIIIIIIII U III1,11111 IIIIII!!1111111 IIII1111111111111111

2222222?2222222222222222 2222222222212212222222222222222221 2222222222231221322221

333333331333333 33 3 S3233333233 3 3333 3333333333333333 3333333333333232333223332 2

4444444444444444444444444444444444444444444444444444444444444444444444444444444

55 555SSSSS55SSS 5555555S555555I| 5 55I5 5 15 5 5 55 5 15 5155551115 15 555 111

1 I 1171177111711 1111177771711771177 1111111111111111117177 17111 11

IIIIIIIIIIII II IIIIIII19 1 11 1 1 1 1 1I I I I I I I I II II I I I I I I I I234S 6 1 1 sussgsI06'.111911ns,,,agsgsguugs33toxwasussoaqu sassaussu wgoag usaisawanow axanalso
I 2)J4 I• 14 IGU,1411• 

1
JU S( IIIMINUIIHIN NNUU2IU23HMIUUIN I*•43UI641UIIGNilUUhNHW~IIUUU4UUUUUUUUHUNNMnlUU

Field Column Description

1 1 - 8 Not used.

2 9 - 16 Location to be corrected in octal.

3 17 - 24 FLOAT (card function) tells executive program
to make floating point correction.

4 25 - 40 Quantity desired in the floating point format.

5 41 - 80 Not used.

J

FIGURE 7-2

FLOAT CARD
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[ 2 3
PRIN, T A, 4 A

[ 1121221112222222222222 222222 222222t22 2t2t222

4444444444444444444444444444444444444444444444444444444444444444444444444444444t 5 ~1SS 55 5 5 5 5 51555 5 555 5 55 5 5S 5 15 5 5553555555555555151 5 5 5 5 5 5 5 55 5S5 5 1S15 515515 5ss~sSsss~sssss66SSSSSSSS6SSSSssssssssISSSSSSSSBssIsssBsssIssss6SSSSSSSSSSSS~sssss

j 9 9 9 9 91 9 9771 1 11119 19 9 19 9 9 9 971110 9 9 111119 9 0 11171111111 1111111 71171 111

oooooooIUooIooooooSIooSoo8oooooooooooooooooooooooooooooooooooooooooooooooooooooo

1 1111171114 is 16 gn2l 21N .MMM31 XUND )iHMO.n4 41 40 ONS2UMq l UUU61 UJ uMIlfaNoN3II

Field Column Description

1 1 - 16 Not used.

12 17 - 24 PRINT (card function) signals EXEC to print
following information On hard copy output.

3 25 - 80 BCD information to be printed.

1

I FIGURE 7-3

PRINT CARD
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1 2 3

RPL i,SEAn,GO

I )isI| I 3010122i1•J4i••10 1 I*~f~l IIN UJ)4• ) mIJZINNUSIMUI44IIMUI UIN9UI )UUw|• U OSUUUUSGUUNP, MfNMNI NNU

2222222222222222222222222222221222222222222222222222222222222222222221221112
333333233•3333333333333•333333333133233••3••333333$33222333333333333$3333353333 $ -I

444444444444444444444444144444444444444444444444444444444444444444444444444444444

55 5 5 5555 5 5 5 5 55555$5 5 S 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5S55555 1155515

66666661 6 6665666BS 6S6666666661666$666666666666616666646666666•61666666666••161lI566 66

71717177711171177777777177777771171711111 71 77771111177177177717777771771

9999959I 99II 99I9IIIIISSSSI-@S11)SIS41S1611SSIf all 362TIRIMM31I3+ISSSISSS)IS..IS0II SSIIISS ISI"SnMaIaII M N

Field Column Description

1 1 - 16 Not used.

2 17 - 24 RPL (card function) calls RPL program into
core from magnetic tape.

3 25 - 80 Variable field (parameters separated by any of
the characters , . / ; )

1st parameter - Logical tape number where RPL
program is located. Usually tape number 4.

2nd parameter - Program identity. Usually - SEAn
where n = number of sequence to be run. (e.g.,
SEAl or SEA2, etc.).

3rd parameter - 'GO"- Indicates to sys that control
is to be transferred to the RPL program after it
is loaded.

FIGURE 7-4

RPL CARD

--6



I __ __ __ __ __ _

SEA SEAn,CASE ID

13,,,,I,,, IlSIOllOtOIO2l4NUIiOO lOflOOIIIIIII434OIIOOIO6UIIUUIlUUOO MUOUlOOOOOO~lOIONUlOOO

I I2222222222222 I2222222222222222222222212 22 1222212121212111121112111 11 11 1 "1011 1

333333323333313 33332333313233~33233231333333 323323333333323533333133515221$353235

i •• 4 44444• • 4•• 44!4 4 44 4 4 44 44444•• 444•4• 44444• 444•4444444444•44444•444•• • 4•4•44 ••4•44

1 1771171111711171 M1177111 117711111 71717711111111711111771111111117711177117

I i f 4 i 9 I6 1Ill IIIfe Is )bII Io" lfl? l h JNIf2IiI 1 3 n3 65 414100U4546•86II1 MUMMU UU•IUSUSItUUINIA" NUPOS ?nv

SField Column Description

11 - 16 Not used.

2 17 - 24 SEA (card function) defines the beginning of
a case.

3 25 - 80 Variable field, (parameters separated by any of
the characters . , / ; )

1st parameter - code name of sequence being
run (e.g. SEA1, SEA2, etc).

2nd parameter - 8 character (including blanks)
case identification.

[

FIGURE 7-5

SEA CARD
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1 2 3 4 5

xI r----F 0- -----*i )

7 4 1 ? 10 Is SO 121.1 1 4ISlOI t16 f )1 4ft413M MVAO31 UIMON316XIM304P424 *A 46 0161400 t UM U OINg U SU UON NS W

222222222222 222222222 22222 2222222222222222222222222222222222222222122222222221

333!333333333 333333333333333333333 3 33333333333333333333 3333333333333333333 3333333

444444444444 444444444444444 444444444444444444444444444444444444444444444444441

b5 5 5I5 55555555555 555 515 5 5 555 55 555 5 5 5 55 5 5 5 515 515 55 5 55 15 15 5 5 5 511 1S515 5 5 5 15 155 51

11 191117 1711 11111 9771117111117111111711 1171 191117171111111111111111111111111111
,ouoe,sseas,, I,IsIIS o~ssU oosoI SSUSCIISCSIUSSICSSIosoooooooososos ooSSIIII I

oogggoog, ,ooggogggg uooooogoogghhoooohggggogooosgusgsghossgguuhoogoghoggosggsgo
I ? ? " * 4"1-I II l7IlIlIllmI? J|4131UN 3I 3SN M)IIl4?4443i6U6,SI U 6IN UUS*UUi lIU13MaIfl3 U - -

Field Column Description

1 1 - 3 Sensor Number.

2 4 - 12 0-Latitude (degrees, + = North)

3 13 - 22 ki-longitude (degrees,.+ = East)

4 23 - 28 H - Altitude (meters)

5 29 - 79 Not used

6 80 Card type - S

FIGURE 7-6

SENSOR CARD

7i

S~I)



12

I i 2 3 4 5 6 8 1 10

ii _- F---3 - -1 V0---- 1 13

1161116ll is$l I | ll$l JiO@ illO UlIIO~l l I I UOOI UOhOOO UUOhilOOOI
! | 4 I ! OI~lttltt iii tIIIIIIII•§t~~tImD~l, liI4 iII3ItIIIIItI IIIIIIII~pN•WlttII1H•II

4''44 444 4 4444 4'|44444 4444444'4 44444444 44444444444444''' 4444'''4444'444444 4'

S 111111 711111 1117 1 111 111111 11111a 111411111117 111101141111111 11711111 X171

I55l 5l 5 3 IIII I 5 55 5 5lllll S 5 5 155 5ll ll ll l Il5ll55l5l5555155 1 55l55551 56l3O 1

[ ? S • -I H I• JN g ai n s it ~ ,auia B • u n)I a u ,, u u ..it . U O6 4 O Ui it U I U 6 UUUSI UUll lt Ml ~ l I hIl N N U I

Field Column Description[ 1 1 -3 Sensor number

2 4 - 8 Beginning H for station (degrees)[3 9 -10 A1 1or p 1for Field 2

4 11 - 15 Final H for station (degrees)

5 16 - 17 AM or PH for Field 4

6* 18 - 23 Maximum range for station (kin)

7 24 Number of segments to divide pass into:
(integer 1-9, a- 1)

s 25 - 33 Segments to use: 1-9 (sequential), 4- Entire pass

S9* 34 - 42 &t (observation time interval in minutes)

10 43 - 76 Not used

11 77 Visual - V, Non-visual -A

12 78 - 79 Observation. type (see observation type table)

13 80 Card type - I

* Not used in Sequence 2

FIGURE 7-7

SIMULATION PARAMETER CARD
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OBSERVATION TYPE TABE

Azimuth Rt. Ascen.
Observation and and RanSe
ape Time Elevation Declination Ranie Rate

1 X X

2 X X x

3 X X X

4 X X X X

5 X X

6 X X X

7 x X x

8 X X X X

9 x x
10 x X x

11 x x

FIGURE 7-7 (coat.)

SIMULATION PARAMETER CARD [V

I7
7-1o0t

[1



I
1 2 3 4 5 6 7 8 9 10

I- F.--. F----F F-d'F F F F--,-F F J F Ft11

I ,t.4ggdI O ! UII ~••Illl,sute Io1),4lUNNa2N2NUIUIUU4IIIIPU U.U4,llIIUU NUU NIUUUe.N.UN.HUINUNUNNNIv t w v ll ~ • l 1 S611 s.141 45isI o tn f21))A n "nn an oo31ol unm AIt a04404 4, 411n1 a "mym e oa0ONPo m If "a" an" 0 1I 2222t2221221212t2t2t222? 22 22t22 222222222 l~2222222 2 2222122222212222222tt12222222!

3)33333333331333]333333 3333;38])3|]|333 $35333333333333333333|]32$333333332332332

4444444444444444444444444444444444444444444444444 444444444444444444444444444444

I ,s~sss~g 6ss~ ssgssss6ss~s~sss sss 6ssss sssssslssss 6ss~sssgsssssIssss~ssgsssgm~sssl
646666666661|0661666166666466641 6666666646*,6ii6il6iiJiliSiil iilliiiiliiiiiiiii

I 1177 1 17!1 11 31i11111 7 1 711 711711117117 1117111 7 71 11m71711177 117711177171

Field Column Description

1* 1 - 3 Sensor number.

[2 4 - 8 Standard deviation of azimuth or right ascension (degrees).

3 9 - 13 Standard deviation of elevation or declination (degrees).

[4 14 - 20 Standard deviation of range (meters).

5 21 - 26 Standard deviation of range rate (meters per second).

6 27 - 31 Bias on azimuth or right ascension (degrees).

7 32 - 36 Bias on elevation or declination (degrees).

8 37 - 43 Bias on range (meters).

[9 44 - 49 Bias on range rate (meters per second).

10 50 - 79 Not used.

1 11 80 Card type - H.

FIGURE 7-8

I STANDARD DEVIATIONS CARD
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Type C.
excepted

F - F OFF____ ______ ______ ____ _ - It
Ogg01101000 O |00181 1111I , sO00g 000g 00g 000 10O 0 11 81010 1111100 g110111000 1 I0 I

5I 6 1 1 14.111 114 14,517163611ftl 214 A PN?1iAN I IIAN V 41a4lian 4UN 11ra 31411,41 IisMU4 "I U3VIIia N

222222222222222222222222 2222222222222222222222222222222222 2222222222 2221

333333333333 2333333333 33 3 33333333333 33333333 3 3333333 33333 3333 333 3 $33 33 3 3

444444444444444444444444 44444444444444444444444444444444444 44444444444 44 44
325525~555SS555S3SSSS5S55S$$I5I55S5SSS5S555555SSSSSSIS||5|SS ISSS|$SII| |IS 355

5iti66i6GliS$6666111SSS6S iSS1SiSiiii SSSiiiiiSiISiiiSiii llS ISI S lll 5I6I
171117111711171 111?171711171711717771117171111717717711171177777177171771777717 1

IIISISII SIqll 1111liSIIIIISJ IISISISIIIIIIIIIII•t|4i4eglillttlSSltt ,tl~Il~llllIll ISI S

1999999919 It 11 I I? HIS4IiII$ IS ll2213M 136 ?1XR3313133N303 A33133641 443U4664647 OIN V U0141011 W a P 4"a a a II a3 a

Field Column Type A Type B
(Classical) (Position & Velocity)

1 1 - 12 a - Semi-major axis (earth radii) x - Equator plane position component
along YV (kin)

2 13 - 24 e - Orbital eccentricity y - Equator plane position compone,
to x (kin)

3 25 - 36 1 - Orbital inclination (degrees) z - Position component orthogonal
to x, y (km)

4 37 - 48 AE - Right ascension of ascending k - Equator plane velocity component
node (degrees) along O (m/sec) W

5 49 - 60 - Argument of perigee (degrees) 5 - Equator plane velocity compone4
to k (m/sec)

6 61 - 72 H - Mean anomaly at Epoch (degrees) i - Velocity component orthogonal
0 to i, 5 (m/sec)

7 73 - 74 Not used Not used

8 75 - 77 Satellite Number Satellite Number

9 78 Card Number 1 Card Number a 1

10 79 Element Type = A Element Type = B

11 80 Card Type - E Card Type -E

FIGURE 7-9

ELEMENT CARD I
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j1 2 13 4 5 678
Type C

S4exceptedF JlF W, - F bFF 0 F F OF EII I

1 I i s| loll ts limit1"1 1 !1111 413831•) I )N M 13 9 35 m i 041, 4143 44 I 41 a 51w 9 I ISN N NOI N itNi

!111111111till 11t1l~l~ 11111 I I t~ll ltttllIt I tIIII III1111111IIIIIIIII-IS Is II 22222222222222222222222212222222222222222222222222222222222222222222222 2 22

333333333333333333333333 3333333333 3333333333333333333333 3333333333333 3 3 33
S 444444444444444444444444 144444444444144444444444444444444444i44444444444 ,144444

5 5 5 5 5 $ 5 5 5 5 SSS S95 55555555555 .SSSSSSSSS 555555SS5 555SSSiS|$sgS1| 55

77177 hI 77717I 10137 11 a 1077717 1177 11177 111111117771777777117777 11 71

199 19 ) 91999 lit 9 9 9 9"5 1119919113M X92999N X931 IS~.. 349 1 11 1 O~ l l l l X 10QN00Q-m m s t"sl~l

Field Column Type C Type D
(Orbit - Station) (Radar Oriented)

1 1 - 12 Hq - Altitude of perigee above a - Semi-major axis (earth radii)[ reference ellipsoid (km)
2 13 - 24 e - Orbital eccentricity e - Orbital eccentricity

3 25 - 36 i - Orbital inclination (degrees) i - Orbital inclination (degrees)

4 37 - 48 h - Altitude angle at culmination A*- Right ascension of ascending
c over station (degrees) node (degrees)

I 5 49 - 60 v - True anomaly at culmination W- Argument of perigee (degrees)
over station (degrees)

i 6 61 - 72 NORTH) North or h - Initial elevation angle
COL 65-69 NT South of (degrees)

SOUTHJ Zenith

COL 71-72 NSJ Pass N-SJSN or S-N
over Stn.

7 73 - 74 Not Used Not Used

8 75 - 77 Satellite Number Satellite Number
9 78 Card Number = 1 Card Number I 1

I 10 79 Element Type = C Element Type D

11 80 Card Type E Card Type E

I FIGURE 7-9 Cont.

ELEMENT CARD 1
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1 2 3 4 5 6 78

_____ OF OF III__11

0oo00ooooo0ooaaouo00o00teolools 00000 o iOOOOOsslmOOOOOi0000 us us
I 2114 $ ..1 11 j|4 15 16ll 1 il2212211124 An 2 31 aN 4 I 1 NN14P04243• • 441 0411SItUU MI,41 IUP I4NowsO I XII gN utll,,llllllllllllllllll11llllllttll Iliiiiii11 lii lllll ttltlllllllllllllllllllII

2222222222722222 222222222222222 2 2222222222 22222222 22222222222222222 222222

3333333333333333 333333333333 33 33333333323 33333333333333333333333332 33 3 3 32

4444444444444444 444444444444444 4 444444444 4 44444444444444444444444444 444 44

555555555555555 5S555555555555 55SISSISSSI 55 5 5 55 55 5 5 55 55551 1155 5 51

6665666&6666S666 1666666665616S6 S6S6S6S6i S 6i6651666S 111111111111111111111111

7771777777777771 77717177777777771777777777777 7 17777777177771177777771 717111

59 9 999 99 9 99 99 99 9 9 99 9 9 999 1 1 | 9 9 91999 9 9 919 9 9 9 9 1 1 09 1 1111111111119J 1 11 11
)As 4 1 -" I f 112*1J41 I If I 2l N 22 N MhXV 3N IMN3. IS 11N .4?.4? 4 42 41 5II usV W II U $19436M61 P48M 1?I 131 N1116

Fidld Column Description

1 1 - 16 Time of epoch (YYMMDDHHMMSS.SSS)
Leave blank for types C & D 2

2 17 - 30 C - Rate of change of period (days/rev.)-blank field - 0

3 31 - 32 Not used.

4 33 - 44 A- Initial range, element type D only - blank for
1O types A, B, C

5 45 - 47 Sensor number (type C or D only)-blank for types A & B

6 48 - 71 Not used.

7 72 - 74 Element number

8 75 - 77 Satellite number

9 78 Card number a 2

10 79 Element type (A, B, C, D)

11 80 Card type IIE E

FIGURE 7-10

ELEMENT CARD 2
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1 2 3 4 9
AQTINT CONTROL •--F

I .;' 0 i sO 'o l U'1C1~a flU fl?5364•)N P 0MIP43UU*laUSUM$ IUU USUUUUS4OrnfMUIIB Nr•lnUDU
It I 'IIIII iiii' I IIIII III111 l If t 111111 11111 1 1 1 1 1 1 1 onetilI1tl tt t 17i

i 22?2•2Z2222z21222222222 222?22222121 2222223222221111111

3 31 3 3 33 3333333331 3 33313333 333333333333 33333 3333333333333 33323 333933
i 41++444~~~~~~ ~~ ~~4 4414444444444144i1444444444444444444 444444

I +++5 ~5|5555lS5S5555S555I+SSllSiSISllSSSlS5SIlSSSSl5 |lSlSSSlI1 llllI5 lI5lll

566+466+ 166 5+56 11+666S16111$ s llsllllliss lllllllllllllllllllllllllllsssseseml s
I I111IIII 77111117 71 77111111771717777717117 7111 711 7 7 1 717 11111111117 111111117 11117 111|11

I ggggg99g 9gggg19,1,111g111 9 11 111 111 1

Field Column Description

[1 1 - 8 Not used.

2 9 - 16 AQTINT (program ID)

i3 17 - 24 CONTROL (card function)

4 25 - 32 Observation duration, minutes

5 33 Output option: Acquisition Times.1 0 orA , - No output; 1 - output

6 * 34 Output option: Observation Simulation.
0 or A, no output; 1, output all Obs3
2, output 1st, middle, and last Obs. in
each segment.

7 35 Perturbations control: 0 or A,
No perturbations; 1, General perturbations

8 36 Punch option: Observation Simulation.
O or A , no punched cards;
1, punch all generated observations

9 37 - 80 Not used.
N *ot used in Sequence 2

FIGURE 7-11
+iAOTINT COTITI7L CARD 1-15
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1 2 3 4 5 74OCARO CONTROL _-I. _ __-_--'--_l

no s 68o000101980 000000Dooooooeoooo 00000 00o00Oo0
111 11 1111 111 0 1 '11 11p? 1to 11 XI IIt 11111D11111.11,1111 1 nIII IIIIIIIIIIInIs411 1 i1' 1

2222222222222222j2222222222 12222272222-12222222222222222222222222222222222222222122

3333333333333333 3333333333133;331 33 3j3333331333333 33333333 3333333333 333133 333

4444444 444444444 44444444 44 41444 444444 '4 '44444444444444444444444444444444444
SS• • SS 5555555555!S555,5 S IlSSSSSSSSSSSSSSSSSS|SS

5 55 55 55 55 ' S 5 5 5 5 5 5 5 5 555555 S 15!55 5 5555 55 5S S 55S555S55S5S5 5S5S5 55 SS SS 5S 5S II SS555
666666 66(' 66666 S666666666iS66666 6, s!6iiii666666SSiSSSilill6iliililSSSiSSSS i i$ $1S

7771771' 17711 777777 77777I771717717777777777777I777o7777777777777717771 77

Field Column Description

1 1 - 8 Not used.

2 9 - 16 MOCARO (program ID)

3 17 - 24 CONTROL (card function)

4 25 - 27 K, number of contaminated sets of observations to
be generated.

5 28 - 37 N, starting random number, integer of the form 4 I+I,
justified right

6 38 Output option: 0 or , no output; 1, output. 71

7 39 - 80 Not used.

FIGURE 7-12 L

MONTE CARLO CONTROL CARD t.
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1 2 3 4 5 6 7 8 9 10 11 12 14 15 1617 18
SGPDC CONTROL I I

"'. 21 "I) oJAN 31P HO N3!2"*14fl*.' ,. U4jl MN0•o M )M PV4o Wea m MstIUNtuSWoo 0 uamU *PfeiSI•S N•a mNsNM
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Field Column Description[ 1 1 - 8

1 Not used.

2 9 - 16 SGPDC (program ID)

3 17 - 24 CONTROL (card function)

4 25 - 31 Correction Flags Override
=-&, correct a, e, i,A,€W, Mo and Co (if general
perturbations) Co is not corrected if no perturbations.
Non-blank indicates input correction control as follows:

jCol. 25 - 1, Correct a
26 1- 1, Correct e
27 - 1, Correct i
28 - 1, CorrectA
29 1, Correct UJ
30 - 1, Correct Mo
31 = 1, Correct Co

A Col aA, O,Do not correct corresponding element.

5 32 - 33 Repeat Counter Override.
-A, iterate 6 times/element set.

m n, iterate n times/element set.

FIGURE 7-13

SGPDC CONTROL CARD
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Field Colusm Description

6 34 Perturbations Control 1
- 0 or A, no perturbations.
= 1, General perturbations

7 35 - 40 Output Options Control.
Any column = 0 or A indicates print or punch not desired
of the corresponding item.

Col. 35 = 1, print r, r and Ar, 4t_
Col. 36 = 1, punch r, r variant elements
Col. 37 = 1, print classical and delta elements
Col. 38 - 1, puncl:classical variant elements
Col. 39 = 1, print final RHS values.

Print number of residuals accepted
and rejected.

Col. 40 - 1, print residuals of observations for
final variant element set.

8 41 - 43 RMS Multiplier Override.
-A , RMS multiplier = 1.5
- 0 , no residual rejection.
= n , R1MS multiplier = n.

9 44 - 48 First Absolute Maximum Override. (absolute maximum for
range and angle residuals when the RMS is greater than
50 km.)
- A., absolute maximum = 1000 km.
# A , absolute maximum is specified in the field in km.

10 49 - 53 Second Absolute Maximum Override. (absolute maximum for
range and angle residuals when the RMS is less than
50 km.)
-A ,second absolute maximum = 75 km.
0• A second absolute maximum is specified in the field
in km.

11 54 - 58 Absolute Maximum for Range Rate, Residuals Override.
absolute maximum for range rate residuals = .5 km/sec.
absolute maximum for range rate residuals specified

in field in km/sec.

12 59 - 61 Convergence Criterion Override (minimum per cent change
in RMS for convergence).
=A , convergence criterion - 0.05

convergence criterion specified in the field.

FIGURE 7-13 cont. SGPDC CONTROL CARD
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I

SIMULATION ERROR ANALYSIS PROGRAM DOCUMENTI
Field Column Descriptioa

j13 62 Element Errors Statistical Analysis Override:
. 0 or A, peiform the statistical analysis
involving the element errors
1, suppress the computations

14 63-65 Sl, the number of standard deviations below the
mean at the first cell of the element error
frequency distribution.
= A, S1 set - 3.0
• A, S1 specified in the field (floating format).

15 66-68 52, the number of standard deviations above the
mean at the last cell of the element error
frequency distribution.
" A, S2 set - 3.0

SA, 52 specified in the field (floating format).

S16 69-71 NS, number samples of the element errors used
to compute the range of the element error
frequency distributions.

i- - A, NS set - N (N - total number of delta
quantities in the distribution.)
0 A, NS specified in the field (integer format).

L17 72-73 I, number of cells in the element error frequency
distribution.

= A, I -Et1 (integral part)[2
_ A , I specified in field (integer format)

18 74-80 Not used.

II
I
I

I FIGURI 7-13 cont. SGPDC CONTROL CARD
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Field Column Description

1 1 - 8 Not used.

2 9 - 16 ERPRED (program ID)

3 17 - 24 CONTROL (card function)

4 25 Casetype Option:
or 0 - predition points equally spaced in mean anomaly,

referenced to the first perigee passage after
epoch according to Pi (initial M), AP (H interval),
Pf (final M)

2 - P. equal time spaced prediction points in each of
four quadrants of mean anomaly referred to the
time of the last observation

3 - Prediction points equally spaced in timereferenced
to epoch according to P• (initial time), AP (time
interval), Pf (final time)

5 26 Coordinate System Option:
A or 0 - position and velocity errors referred to x, y, z

coordinate system
* 0 - position and velocity errors referred to U, V, W

coordinate system

FIGURE 7-14
ERPRED CONTROL CARD
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I

SIMULATION ERROR ANALYSIS PROGRAM DOCUMENT

Field Column Description

6 27 Computation Option:
A or 0 - errors computed using MNREP, with

perturbation control as specified on
AQTINT control card.

1 -errors computed using MNREP with
I perturbations

2 -errors computed using MNREP without
perturbations

3 - errors computed by multiplying the ele-
ment errors by partial derivative matrix.

7 28 Output Option:
A or 0 - no optional output

0 - outputs position and velocity errors in
specified coordinate system.

9 38-46 &P see Field 4 description

10 47-55 Pf

[11 56 Error Prediction Distribution Override:
Aor 0 - distribution computed for position

and velocity errorsIi 1 - suppress distribution

12 57-59 el, multiple of standard deviation, lower limit,
for Error Prediction distributions.
= A, Sl set = 3.0SA, Sl specified in field (floating format).

13 60-62 S2, multiple of standard deviation, upper limit,
for Error Prediction distributions.
= &, S2 set = 3.0

A A, S2 specified in field (floating format)

14 63-65 NS, number of error quantities used to compute
the range of distributions for Error Prediction
distributions.

AN, NS = N (total number of error quantities)
A, NS specified in the field (integer format)

i 15 66-67 I, number of cells in the distribution for Error
Predications distributions

6 A, I ( ) (integral part)
2

I , A, I specified in the field (integer format)

16 68-78 Not used

17 79 Output option #1A or 0 - no optional output
S0 - print error distribution

18 80 Output option #2
A or 0 - no optional output

0 - punch error distribution data

FIGURE 7-14 cont. ERPRED CONTROL CARD
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Field Column Description

1 1 - 3 Satellite number.

2 4 Not used.

3 5 0 type (generated internally to agree
with system code).

4 6 - 8 Sensor number.

5 9 - 24 Time since epoch (minutes).

6 25 - 38 Azimuth (or) right ascension (radians).

7 39 - 52 Elevation (or) declination (radians).

8 53 - 66 Range (Earth radii).

9 67 - 79 Range rate (Earth radii/k- min.)

10 80 0 (card type).

FIGURE 7-15

SYSTEM OBSERVATION CARD
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I Field Column Description

S1 1 - 3 Satellite number (for external use only).

2 4 - 6 Not used.

[3 7 - 9 Sensor number.

4 10 Not used.

5 11 - 15 YMMDD (Year, Month, Day)

6 16 - 24 HHMMSSSSS (Hour, Minute, Second)

7 25 - 30 Elevation,(or) declination (col 25 can be overpunched
for sign)

Degrees

8 31 - 37 Azimuth,(or) right ascension
Degreese(or) HHOSS8 (Hour, Minute, Second)

(Col 31 must be overpunched:
+ to show azimuth, elevation

jto show right ascension, declination)

FIGURE 7-16

I SPADATS OBSERVATION CARD
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S IIULATION ERROR ANALYSIS PROGRAM DOCUMENT

Field Column Description

9 38-44 Range (kilometers)

10 45-53 Range rate (km/sec)

11 54-79 Not used.

12 80 Card type A =t, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9)

Note: No decimals on card - they are indicated by carets.

FIGURE 7-16 cont. SPADATS OBSERVATION CARD
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S Field Column Type A Type B
(Classical) (Position & Velocity)

1I 1 - 12 a - Semi-major axis x - Equator plane position
(Earth radii) component along Pf(km)

2 13 - 24 e - Orbital eccentricity y - Equator plane position
component .L to x (km)

3 25 - 36 1 - Orbital inclination z - Position component ortho-
(deg) gonal to x, y (kmn)

4 37 - 48 AL - Right ascension of * - Equator plane velocity
I ascending node (deg) component alongfrn/sec)

5 49 - 60 -= Argument of perigee - Equator plane to velocity
I (deg) component .L to k (m/sec)

6 61 - 72 H0 - Mean anomaly at i - Velocity component ortho-
o epoch (deg) gonal to i, 5 (m/sec)

I FIGURE 7-17

i VARIANT ELEMENT CARD 1
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SIMULATION ERROR ANALYS IS PROGRAM DOCUMENT

Type A Type B
Field Column (Classical) (Position & Velocity)

7 73-74 Not used. Not used

8 75-77 Satellite number. Satellite number.

9 78 Card number 1 Card number - 1

10 79 Element type - A. Element type - B.

11 80 Card type = V. Card type - V.

FIGURE 7-17 VARIANT ELEMENT CARD 1
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Field Column Description

1 I 1 - 16 Time of epoch (YY*MDHH2IMSS.SSS).

2 17 - 30 C.- Rate of change of period (days/rev2 .

[3 31 - 71 Not used.

S4 72 - 74 Element number.

5 75 - 77 Satellite number.

6 78 Card number -2.

7 79 Element type = A,B

8 80 Card type = V.

FIGURE 7-18

VARIANT ELEMENT CARD 2
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Field Column Description

1 1 - 17 Name

2 18 - 31 Time since epoch (minutes)

3 32 - 43 Mean

4 44 - 55 Standard deviation

5 56 - 67 Minimum

6 68 - 79 Maximum

7 80 Q (card type)

FIGURE 7-19 i
DISTRIBUTION CARD
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Field Column Description

1 1 - 16 Not used.

2 17 - 24 ENDDATA (card function) defines end of
case data.

3 25 - 80 Not used.

L

I

FIGURE 7-20

[ ENDDATA CARD
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Field Column Description

1 1 - 16 Not used

2 17 - 24 SYS (card function) transfers control to
SYS

3 25 - 80 Not used

VIGURE 7-21

SYS CARD
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DEVELOPMENT

[ SECTION 8

DICTIONARY

fi The core location assignments which are common to all of
the program units in the Simulation Error Analysis System are defined
in the following list. Common block storage assignments are included
in the dictionary with their associated lengths and numbers of sets
of data specified. The system constants are grouped together, their

Ii numerical values being included in the definition.

S8-1
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I

SSIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT

I

j SECTION 9

TEST CASES

In order to provide test data for system checking, and also to
illustrate a few of the possible output options, the documentation incor-
porates two test cases. The output for these two cases is presented here
in the actual computer output format. Complete input for these cases is
also provided so that the runs may be duplicated for the above mentioned
system check. The input cards are described by fields, omitting fields
that are blank for these cases. Reference should be made to System Card
Formats for identification of the fields on each card.

9.1 TEST CASE 1

The first test case, EXAMPLE SEAl A ELEMENTS POINTS ANALYSIS,
was run on SEA1 with type A elements as input. Acquisition times were
generated for three sensors, each having a different maximum range, for
a duration of 112 minutes. Observations were simulated and differentially
corrected with no perturbations. The SGPDC unit was executed with no
overrides. ERPRED predicted position and velocity errors at the end of

the third and at the end of the fourth revolutions, and also generated
the statistical output at these points.

The input cards for this Sequence 1 run include all those shown
in Figure 2-9. The contents of the cards are as follows:

91 -



.1

SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT

'I
JOB CARD

Field Quantity

2 JOB
3 EXAMPLE SEAl AELEMENTS,

POINT ANALYSIS

RPL CARD

Field Quantity

2 RPL
3 4,SEAl,GO

DUMP CARDS
(see Figure 2-9)

JMP CARD
(See Figure 2-9)

SEA CARD

Field Quantity

2 SEA
3 SEA1, EXAMPLE

9-
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r
L SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT

SENSOR CARD (3)

SField Quantity Field Quantity Field Quantity

1 001 1 002 1 003
2 5 2 10 2 15
3 40 3 100 3 160
4 0 4 0 4 0[6 S 6 S 6 S

SIMULATION PARAMETER CARD (3)

Field Quantity Field Quantity Field Quantity

1 001 1 002 1 003
2 5 2 3 2 1
3 AM 3 AM 3 AM
4 3 4 5 4 1
5 PM 5 PM 5 PM
6 3000 6 3500 6 99999
7 5 7 5 7 1
8 135 8 135 8 1
9 5 5 2

S11 1 11 V
I 12 2 12 4 12 5

13 I 13 1 13 II
STANDARD DEVIATION CARD (3)

Field Quantity Field Quantity Field Quantity

1 1 001 1 002 1 003
U 2 0.1 2 0.1 2 0.01

3 0.1 3 0.1 3 0.01
4 1000 4 1000 4 1000
5 1 5 1 5 0

11 M 11 M 11 M

9-3
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCIMETI

ELEMENT CARD 1

Field Quantity

1 1.21
2 0.1
3 20
4 20
5 10
6 350
9 1

10 A
11 E

ELEMENT CARD 2

Field Quantity

1 610601072149.978
9 2

10 A
11 E

AQTINT CONTROL CARD

Field Quantity

2 AQTINT
3 CONTROL
4 112
5 1
6 1
8 1 -

r'I
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT

MOCARO CONTROL CARD

I Field Quantity

2 MOCARO
3 CONTROL
4 2
5 2941

[ 6 1

I. SGPDC CONTROL CARD

Field Quantity

2 SGPDC
3 CONTROL
7 1A 1l11

17 4

ERPRED CONTROL CARD

Field Quantity

2 ERPRED
3 CONTROL
8 1080
9 360

10 1440
15 4
17 1

The output of this test case appears on the following reproductions
of computer output:

9
[
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT

[
9.2 TEST CASE 2

[ The second test case, EXAMPLE SEA1, C ELEMENTS, QUADRANT ANALYSIS,
was run on SEAl with type C elements as input. This type restricts the
simulation to a single sensor. Acquisition times were generated for this
sensor with a maximum range of 10,000 km. for a duration of 992 minutes.
The acquisition times were not printedaccording to the output option.
Observations were generated and differentially corrected with perturbations.
Only the first observation in each time segment wac printed as specified,
while no results of the MOCARO and the SGPDC units were printed.

The error predictions were computed for 40 equally spaced points
in each of four quadrants beginning at the time ot the last observation.
The statistical analysis of this data over each quadrant was then used to
generate the error trend in each component of position and velocity for
each quadrant. Only the trends over the first quadrant are displayed in the
output in order to conserve space.

Since this case is also a Sequence 1 run, its input cards also
conform with the set shown in Figure 2-9. The contents of the cards are
as follows:

JOB CARD

Field Quantity

2 JOB
S3 EXAMPLE SEA1, C ELEMENTS,

QUADRANT ANALYSIS

RPL CARD

I Field Quantity

2 RPL
3 4,SEAI,GO

DUMP CARDS
S(See Figure 2-9)
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT

~.1

JMP CARD
(See Figure 2-9)

SEA CARD

Field Quantity

2 SEA
3 SEA1, EXAMPLE

SENSOR CARD

Field Quantity

1 007
2 20
3 70
4 102
6 S

SIMULATION PARAMETER CARD

Field Quantity

1 007
2 0
3 AM
4 0
5 PM
6 10000
7 1
8 1
9 2

12 2
13 I

9-28
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT[
STANDARD DEVIATION CARD

Field Quantity

1 0072 0.01
3 0.01

4 100
5 1

11 MIii

ELEMENT CARD 1

Field Quantity

1 318.9075
2 0.01
3 20
4 90
5 0
6 SOUTH SN

10 C
11 E

ELEMENT CARD 2

[ Field Quantity

2 -. 65 x 10 6

3 007
9 2

10 C

I I

i
[
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SIMULATION ERROR ANALYSIS SYSTEM PROGRAM DOCUMENT

AQTINT CONTROL CARD

Field Quantity

2 AQTINT
3 CONTROL
4 992
7 1

MOCARO CONTROL CARD

Field Quantity

2 MOCARO
3 CONTROL
4 80
5 29

SGPDC CONTROL CARD

Field Quantity

2 SGPDC
3 CONTROL
6 1

17 20

ERPRED CONTROL CARD

Field Quantity

2 ERPRED
3 CONTROL
4 2
5 0
6 0
8 40

The reproductions of the computer output for this case are displayed on

the following pages:
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